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PREFACE 

The Second Canadian Storm Water Management Model Workshop dealt 
with Urban Storm Water Management Modelling and, in particular, with the 
Storm Water Management Model. Under provisions of the Canada-Ontario 
Agreement on Great Lakes Water Quality, the firms of Proctor & Redfern 
Limited, James F= MacLaren Limited, and Dorsch Consult Limited were 
commissioned to modify and further develop the U.S. Environmental Protec- 
tion Agency's Storm Water Management Model (SWMM}--. These modifications 
were particularly related to Canadian conditions™ For example, one of 
the largest additions to the model was a new snowmelt routine which Is 
also being implenoented in the official U.S. version. Additional work has 
been conducted on other blocks of the model; for example, a study of 
simplified simulation using the SWMM was carried out. New routines for 
managing and analyzing the large quantities of meteorological data have 
been written and are included In the presentat ions= 

The SWMM version which resulted from this joint study was the 
subject of this workshop. The goals were, firstly, to provide some 
background to the technology of urban storm water modelling. This is a 
rapidly changing field, and to properly use the model, an appreciation of 
the overall state-of-the-art is necessary. Secondly, it was intended to 
provide those attending the workshop with enough information to begin 
modelling on their own. Instruction was given on the setup and conduct 
of a simulation for a specific problem area using the Canadian SWMM. The 
workshop was also intended to initiate Interest In the use of SWMM in 
Canada, even among those who will not be directly involved in running the 
modeK There are numerous potential applications of the SWMM and related 
models in Ontario today. Large numbers of combined and separate sewer 
systems are in existence which discharge overflows to receiving water 
bodies^ As the systems become larger and more complex, the use of compu- 
ter models to standardize and facilitate the analysis and computation of 
flows in these systems is more and more necessary. Computer models, such 
as the SWMM, represent an attempt not to replace, but to support engineer- 
ing judgements 



" Refer to Canada-Ontario Agreement Research Reports No, 47, 48 and 62. 



Finally, the latest refinements of the SWMM model which were 
carried out recently by the University of Florida under the sponsorship 
of U.S. EPA are presented. 

The sessions consisted of both lectures and practical worlcshop 
experience. In the lectures, background material and theory behind the 
models and their computations, as well as instructions in their use, are 
presented. In the workshops, some practical problems were posed, input 
data was prepared and simulation results were distributed and discussed. 
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AVANT-PRQPOS 

Le deuxi^me atelier sur les mod^ies de gestion des eaux pluviales 
a porte notamment sur le STORM WATER MANAGEMENT MODEL (SWMM) de I'EPA des 
Etats-Unis. Aux termes de I'accord entre le Canada et 1 'Ontario sur la 
qua)it6 de J 'eau des Grands lacs, les services des firmes Proctor £ Redfern 
Limited, James F. Maclaren Limited et Dorsch Consult Limited ont et^ 
retenus--^ pour modifier et amfeliorer le SWMM, en vue surtout de ['adapter aux 
conditions climatiques canadiennes. C'est ainsi qu'un des ajouts les plus 
importants, un sous-programme de la fonte des neiges, est actuellement 
exploit^ ici comme au E.-U. D'autres aspects ont ^galeinent et€ touches: 
I'etude d'une simulation simpllfi^e, menee 3 I'aide du SWMM, en offre un 
exemple. De nouveaux sous-programmes sur le traitement et I'analyse d'une 
grande quantity de donn6es m6t6orologiques ont &t€ r6dig6s et communiques 
lors des seances, 

L'objectif de 1 'atelier etait de presenter, 3 la suite de ces 
reflexions en commun, un moddle modifi6 du SWMM ainsi que les techniques de 
base permettant d'6tablir des modules s'app)jquant aux eaux pluviales 
urba ines. 

A cause de ['Evolution rapide de ce domaine, i) 6tait n^cessaire 
d'en bien fa i re connaPtre les plus recents progr^s afin de s'assurer d'une 
application adequate du moddle. II a figalement f a 11 u fournir aux 
participants suffisamment d ' informat ions pour leur permettre de construire 
leur propre moddle. Des instructions ont 6t6 donnees pour simuler, au moyen 
du SWMM (version canadienne), un problSme donn6. L'atelier visait aussi 3 
promouvoir 1 ' ut i 1 i sat ion du SWMM au Canada, m^me auprSs de ceux qui 
n'^taient pas directement concern6s par son application. II existe 
pr6sentement en Ontario, de nombreuses possibilites d'usage du SWMM et des 
moddles connexes. Actuellement, beaucoup de syst^mes d'egouts, s6par6s ou 
unifies, d^versent leur trop-pJein dans les eaux r6ceptrices. A mesure 
qu ' i 1 s augmentent en importance et en complexity, 11 devient de plus en plus 
imp^rieux de recourir aux m^thodes informat iques pour uniformiser et 
faciliter I'analyse et le calcul des debits. Les modeles comme le SWMM ne 
sont pas congus pour remplacer les ing^nieurs, ma I s pour faciliter leur 
travai 1 . 
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Les derniSres ameliorations que I 'University de la Florlde a 
apport^es au SWMM, pour le compte de I'EPA, ont aussi 6t6 signalfees. 

Les stances comprenaient des ateliers pratiques et des conferences 
axes sur le materiel de base, la th^orie et les calculs des modules, ainsi 
que les consignes d ' ut i I i sat ion. Les ateliers ont fourni 1 'occasion de 
poser des probldmes pratiques, d'en preparer les param^tres d'entr^e, de 
communiquer et de commenter le r^sultat des simulations. 



" Voir les Canada-Ontario Agreement Research Reports n ^7, hS et 62. 
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OBJECTIVES OF STORM WATER MODELLING - OUTLINE 
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I. Objectives of Storm Water Modelling 

A, Overall - To aid in decision making 

B« Subobjectives - Planning, Design, Operation 

II. Overview of SWMM 

A, Development and history 

B, Model structure 

Co Data and computer requirements 

111, Overview of the Runoff Block 
Ao Quantity routing 

B, Discretization 

C. Quality routing and pollutant loadings 

IV, Recent Modifications to the Storage/Treatment Block 

V. Overview of the Receiving Block 
A. Schematizat ion 
Bb Quantity techniques 
C, Quality techniques 



OBJECTIVES OF MODELLING IN URBAN DRAINAGE STUDIES 

Paul E. Wisner 
James F. MacLaren Limited 



INTRODUCTION 

The urban drainage system Is part of the total urban water 
resources system (Figure ))• Traditional design and planning in urban 
water resources considered the following elements of the total system more 
or less independently: 

(a) the water supply system, 

(b) the urban drainage system, 

(c) the wastewater system. 

Flood control for major streams in the metropolitan area was 
also analyzed independently In watershed studies. 

Although the interrelations between these subsystems are now 
widely accepted and the need to consider them in integrated planning is 
recognized, there has been limited experience with this approach. Problems 
discussed at this workshop represent only one facet of a systems approach 
to urban planning. 

The object of past drainage studies was generally straightfor- 
ward: sizing of pipes, culverts or channels for rapid removal of runoff 
caused by a storm with a given frequency. The success of the Rational 
formula and its persistence in engineering practice, despite its known 
shortcomings, may be explained partly because it provided a quick estimate 
of peak flow and it was relatively well understood by all those involved 
in the studies. Design of sewer systems based on this approach leads to a 
quick removal of storm water and increases in downstream peak flow rates. 
Large investments in drainage facilities may be required to prevent 
flooding resul ting from the increased flows. 

As a result of climbing costs of drainage works and an increas- 
ing awareness of the environmental impacts of runoff, it is apparent that 
a broader approach to drainage studies is required. For example, control 
of runoff from new urban developments is receiving increasing acceptance 
as an environmental management objective. Peak runoff rates after develop- 
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THE URBAN WATER RESOURCES SYSTEM 



ment may be required not to exceed runoff rates under predevelopment condr 
tionSp The Rational formula is not a suitable method for evaluation of 
the storm water management techniques, such as storage, required to 
control runoff rates. 

The problem of control of pollution of receiving waters from 
point and non-point sources is being examined closely. Combined sewer 
systems have been designed with interception and treatment capacities of 
from 2 to 5 times the dry weather flow rates. In order to reduce the 
frequency of untreated overflows, separation of combined sewers has begun 
in some cities. This solution results from consideration of the urban 
runoff system and the sanitary waste collection system as non-interrelated 
subsystems of the urban system. 

Many measurements have indicated that urban runoff is relatively 
polluted (Figure 2) and detrimental effects, both immediate and long-term, 
may result from storm water discharges to receiving water bodies. Hence, 
combined sewer separation may not be the optimum solution from an environ- 
mental viewpoint. Since the cost of separation is prohibitive for many 
older cities, alternative measures for alleviation of receiving water 
pollution should be investigated. 

Advanced storm water management techniques and associated 
computer-based models for accurate flow prediction have been developed 
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and implemented as a result of pressures for a better solution to these 
and similar problems. Models offer tlie means for comprehensive sewerage 
studies integrating aspects of collection and transport of urban runoff, 
and the effects of combined sewer overflows and discharges of treated 
effluents. With a modelling approach, a range of alternatives for total 
system management can be investigated on a cost-effectiveness basis. 

GENERAL MODELLING 

This workshop will discuss in detail different aspects of urban 
runoff simulation, and our intention is to describe the principles of 
different computer models and cover several applications. Although this 
lecture covers only general principles of modelling and general aspects 
related to modelling objectives, we should be aware that: 

- modelling is an art rather than a science, 

- the state of this art is rapidly changing, 

- there is limited experience with model applications, 

- there is a plurality of modelling approaches, 

and, therefore : 

- principles are more important than formulae^ 

Implementation of storm water management models represents not 
only a change in computational sophistication, but also a change In design 
philosophy. In the traditional approach, "drainage projects" were conside- 
red as more or less straightforward design applications. A single person 
was often responsible for all aspects of a project including hydrologic 
computations using the Rational formula, sanitary engineering, selection 
of project alternatives and detailed design. 

If models are applied within the framework of "storm water 
management projects", a study is conducted not by a single person, but by 
a team whose members have expertise In the different aspects of the 
project. It is important that the team members be aware not only of the 
advantages of modelling but also the pitfalls of modelling in general, 
and urban drainage modelling In particular. 



Modelling is always only one of the elements (and often not the 
most important element) of an analysis designed to assist the decision- 
maker in the selection of an "optimum" design or policy alternative. 

The decision must be reached by an individual or an agency 
under given time and budgetary constraints, based on limited information, 
and within an existing institutional and political environment. Develop- 
ment of a modelling approach must be compatible with all these factors 
and with the general plan of the analysis, 

Tlie modeller is, in general, a member of a study team and he 
should have a good appreciation of the overall scope of the study. He 
should also familiarize the other team members with the basic principles 
and with the limitations of the modelling. 

Substitution of traditional methods with the more sophisticated 
ones presented at this workshop has a disadvantage in the potential for 
increased difficulties in communication between those involved in a 
study. These difficulties may include resolution of study objectives, 
selection of suitable models and application of the models. 

It should also i^e remembered that the choice of criteria for 
comparison of alternatives rests with the decision-maker. While the 
modeller may desire to use the tool which gives the "best prediction", 
the decision-maker may be more concerned in his selection with intangible 
aspects of the project which cannot be modelled mathematically. 

RUNOFF CONTROL IN NEW DEVELOPMENTS 

Urbanization of a rural watershed results in significant 
physical changes. The main changes which affect runoff are: 

(a) Increased I mperviousness - Runoff from an area is directly related 
to its imperviousness, i.e. the fraction of the area covered by imper- 
vious surfaces. Imperviousness is a function of population density, and 
typical imperviousness data are given in Table 1. 

(b) Increased Density of Drainage System - A characteristic measure of 

the density of a drainage system is the ratio L/A ' , 

where L = the total length of drainage conduits (km) 

2 
and A = the total drainage area (km ). 



TABLE 1. IMPERi/IOUSNESS RANGES FOR TYPICAL URBAN DEVELOPMENT 

Percent 
Land Use Imperviousness 

Low Density Residential 20-30 

Medium Density Residential 25-35 

High Density Residential 30-AO 

Business-Commercial J^O-90 

Light Industrial ^5-65 

Heavy Industrial 50-70 

Another estimate of imperviousness for typical urban development 
has also been offered: 

Percent Imperviousness 
Land Use Low Intermediate High 

S ingle-Fami 1 y Resi dent ial 

Multiple-Family Residential 

Commercia I 

Industrial 

Public and Quasi-Public 

Analysis of urban drainage systems has indicated that this ratio varies 
from 20 in Los Angeles to 120 in New York (Table 2). A typical value for 
the same ratio in rural systems Is 2. 

(c) Lower frictional resistance - Sewers or improved channels have a 
lower roughness coefficient than natural watercourses and flow velocities 
in them are much higher. 

Urbanization affects the hydrologic cycle and results In 
changes in climate, runoff quantity and quality and groundwater 
characteristics. For example, thunderstorm frequency In Chicago Is 31 
percent higher than in the adjacent rural areas. Changes in surface 
cover lead to a reduction in Interception. Evaporation losses from ponds 
are increased by urbanization and losses from channels and overland flow 
are decreased. Groundwater tables are lowered by over-exploitation and by 
reduction In Inf i 1 trat ion. 
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TABLE 2. DENSITY OF UNDERGROUND DRAINAGE CONDUITS IN SOME MAJOR CITIES 



Total Length 
of Storm and/or 
Area of City, Combined Sewers, L/A, L/A^"^, 

City A. Km.^ L, Km. Km./Km.^ Km./(Km. ^)Q-^ 

Boston, Mass. a 124 2,190 17.6 121 

Chicago, 111. a 580 5,786 10.0 127 

Detroit, 

Mich. a 360 4,656 13.0 136 

Los Angeles, 

Cal.t> 1,191 1,389 1.2 20 

Milwaukee, 

Wls.c 246 2,205 9.0 81 

New York, 

N.Y.<* 829 6,650 8.0 118 

Philadelphia^ 

Pa.« 337 4,023 12.0 122 

Saint Louis, 

Mo.* 160 1,796 11.2 85 

San Francisco, 

Cal.* 114 1,400 12.3 82 

Washing ton, 

D.C.» 158 2,816 17.8 135 

a: Hallmark, Dasel E., and John G. Hendrickson, Jr., "Study of Ap- 
proximate Lengths and Sizes of Combined Sewers in Major Metropoli- 
tan Centers," ASCE Combined Sewer Separation Project, Technical 
Memorandum No. 4, ASCE, N.Y., N.Y., May 1, 1967. (NTIS Id. No. 
PB 185 999). 

b: Bauer, W, J., "Economics of Urban Drainage Design," Journal 

Hydraulics Division . ASCE Proc. , Vol. 88. No, HY6, Paper 3321, 
November, 1962. 

c: Prawdzik, T. B,, "Environmental and Technical Factors for Open 
Drainage Channels in Milwaukee," ASCE Urban Water Resources Re- 
search Program, Technical Memorandum No. 12, ASCE, N.Y,, N.Y., 
February, 1970, (NTIS Id. No. PB 191 710), 

d; (Unpublished notes of ASCE Combined Sewer Separation Project, 
November 15, 1967). 

e: Radziul, J, V., C. F. Guarino and W. L. Greene, "Combined Sewer 
Considerations by Philadelphia," Journal Sanitary Engineering 
Division . ASCE Proc, Vol. 96, No. SAl, Paper 7050, February, 1970. 



The hydrologic changes which are simulated by the models presen- 
ted at this workshop Include the following important characteristics of 
storm runoff: 

A. Increase in Peak Runoff 

This increase is caused by the combination of factors (a) and 
(b) discussed above. The mechanism of runoff increase from a watershed is 
explained in Figure 3 which compares infiltration losses and reduction in 
lag time or equivalent reductions in time of concentration. Results from 
measurements on the same watershed during its urbanization are presented 
in Figure ^o 

S^. Increase in Pollution Loading 

Pollutants accumulate on urban surfaces as a result of normal 
urban activities. The loadings of contaminants in storm water runoff from 
the urbanized area are generally substantially higher than the corresponding 
loadings from the pre-developed area (See Figure 5). Examples of measure- 
ments of storm water constituents will be given in other lectures. 

There are many alternatives which can be considered In order to 
reduce peak runoff increases caused by urbanization. Some examples are: 

(a) Rooftop and/or Parking Lot Storage 

(b) Porous Pavements 

(c) Infiltration Ditches and Recharge Ponds 

(d) Detent ion Ponds 

(e) Ditch and Swale Systems - No Storm Sewers 

(f) No Channel Improvements 

(g) Storm Sewer Surcharge 

Figure 6 shows the effect of one Inch of parking lot storage on 
the runoff hydrograph from a shopping centre. An example of the peak flow 
reduct ion with a pond servic ing a sma 11 development Is gi ven in Pi gures 7 
and 8. Quality improvements may also be obtained by detention. 

All the above alternatives may lead to savings in drainage works 
because of peak flow reduction. Downstream effects caused by release from 
storage have to be considered in order to avoid superposition of the 
outflow with peak flows from other areas. 
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FIGURE 3. SCHEMATIC DRAWING ILLUSTRATING THE EFFECTS OF URBAN DEVELOPMENT 
ON FLOOD HYDROGRAPHS. Hydrographs are not to Scale. Tn, 
Ts» and T^j, Lag Times; P^, Ps, and P^ Flood Peaks of the 
Hydrographs for the Three Basin Types Shown. 
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FIGURE k. BRAYS BAYOU UNIT HYDROGRAPHS, 1939-1960, SHOWING EFFECTS OF WATERSHED DEVELOPMENT 
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FIGURE 5. EFFECT OF CHANGED LAND USE ON CHARACTERISTICS 
OF SUBCATCHMENT RUNOFF, SELBY STREET 
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Selection of the optimum alternative for any situation is based 
on economics, maintenance, safety and other considerations. The effec- 
tiveness of a given alternative will depend on the specific aspects of the 
study area, so it is not possible to develop a general rating of the 
alternatives, 

POLLUTION CONTROL FROM COMBINED SEWERS 

The pollution resulting from combined sewage is a common problem 
for environmental engineers working in older cities. Combined sewers were 
built with the thought that dry weather flow could be economically carried 
to the interceptors and that infrequent overflows would be of short dura- 
tion and sufficiently diluted so as not to pollute receiving waters. How- 
ever, the growth and development of the urban centres and the increasing 
areas of impervious surface lead to an increased rate of overflow of pollu- 
ted and untreated water during the runoff from major storms. 

The problem is usually aggravated by the hydraulic inadequacy of 
the regulating devices, which have the function of controlling the portion 
of the flow allowed to enter the interceptor system and to direct the 
balance to nearby receiving water bodies and in some cases, to holding or 
treatment facilities. Most regulators in older sewer systems are of the 
static type with a lateral weir or orifice to relieve the system, and 
cannot be adjusted to meet various flow criteria. Furthermore, because of 
inadequate design or maintenance, effective control of the flow is not 
obtained with some dynamic regulators. 

Total separation of storm runoff has sometimes been considered 
as a solution to the storm overflow problem. Its principal disadvantages 
are the tremendous cost and the disruption of traffic during construction, 
the reworking of houses and building plumbing and the I mpractabi 1 i ty of 
avoiding illegal connections. For this reason and also because of an 
increased awareness about the quality of the storm water discharging into 
the receiving water tradies, other methods for abatement of the pollution 
due to combined sewage overflows have been recently considered. Such 
methods consider the use of the existing combined system with improvements 
leading to the reduction of overflow quantities and/or treatment of over- 
f 1 ows o 
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Storage facilities of urban runoff have many favourable attribu- 
tes such as their simplicity in design and operation, response without 
difficulty to intermittent and random storm behaviour, provision of flow 
equalization, etc. Frequently they can be operated in concert with regiona 
dry-weather flow treatment plants. Design of storage facilities requires 
simulation of inflow hydrographs. Complete storage of a rare event such 
as a two or five-year storm is rarely economically justified and the best 
alternative is usually a combinadion of treatment and storage. Efficiency 
of storage is determined on the basis of a statistical analysis of the 
number and volume of overflows for different combinations. Antecedent 
conditions which may partly reduce the storage capacity have to be 
considered for each storm event. This information cannot be obtained by 
means of the Rational method, but is readily available by means of the 
models presented in this workshop. Examples of large scale combined sewer 
pollution abatement programs using storage are the underground storage 
system in Chicago and the multistorage system in San Francisco. Storage 
alternatives are examined considering flow handling, solids removal, 
protection against odours, etc. 

Another method is "total system management" in which remote 
controlled dynamic devices can restrict the outflow by controlling the 
"traffic" of the combined flow. The objective is to optimize the contain- 
ment and treatment of storm runoff with actions dependent upon storm pat- 
tern and treatment and availability of storage capacities. Such systems 
have been successful ly implemented in Seattle, Minneapol i s-St. Paul , 
Detroit, etc. The mid-Toronto interceptor has been equipped with dynamic 
gates and water level sensors, and future operation according to these 
principles has been considered. Real time control of these systems re- 
quires continuous modelling of runoff hydrographs, routing and overflows. 
Preliminary studies for the investigation of those alternatives also 
require modelling of overflows for past storm events. 

Another alternative is the treatment of overflows. Conventional 
treatment ts based on comparatively steady conditions. Flow and quality 
characteristics of urban runoff and overflows are subject to a high vari- 
ability over a short period of time, a high debris content and high flow 
rates. As a first level, it was possible to successfully use specific 



devices such as swirl concentrators. More conventional screening/straining 
devices are described in another iectureo The cost of treatment facilities 
and that of associated storage facilities is highly dependent on flow 
simulation. 

Decision-makers need information regarding inflow quantities and 
qualities, effects of treatment and last, but not least, effects in the 
receiving water bodies^ 

The U.S» EPA Storm Water Management Model was designed to provide 
this informatioHo An excellent EPA film presenting all these aspects is 
avai lableo 

STORM AND RELIEF SEWERS 



Many older municipalities experience flooding problems at some 
time. This condition may result from the collapse or obstruction of an 
old sewer line, originally inadequate design capacity, or poorly planned 
redevelopment or new development over the years. The factors and the 
increased use of basements as living space makes flooding a more serious 
problem today than it once was, demanding a greater degree of protection 
than in the pasto The magnitude of the investment required for even a 
modest relief program, however, makes it imperative that all of the 
possible relief alternatives are investigated to arrive at the most 
econom i ca 1 so I u t i on » 

Where a sewer line is greatly undersized, it may be necessary to 
install a parallel line to create sufficient capacity or, if a neighbour- 
ing line has excess capacity, some flow might be diverted to it from the 
overloaded sewer through a cut-off sewer (Figure 9). In any case, an accu- 
rate analysis must consider the capacity of the existing sewer and the 
effect of the interconnection between the existing sewer and relief sewer. 
The reduction of the peak inflow rate through the use of surface ponding 
and storage is also an important alternative. A small depth of temporary 
ponding can result in remarkable reductions in the peak inflow rate in some 
cases. However, in an existing development, there are often relatively few 
locations where increased surface detention is practical and storage 
facilities, which must be large to be economical, are both expensive and 
difficult to locate. The best solution in the end may be some combina- 
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tion of these al ternati veSo As demonstrated in many European cities, and 
Canadian cities such as Toronto, Winnipeg and Edmonton, a significant 
improvement can be achieved in both the cost and hydraulic efficiency of 
some sewer systems when a small degree of surcharge, limited to the require- 
ments of increased in-system storage and flow redistribution, is considered 
for design loadings., 

In the past, storm sewers were always designed for free surface 
flowo This was done for several reasons: 

1) When design flows fell between two pipe sizes, the larger 
size was selected as a conservative approximation. 

2) It was not possible to determine the real magnitude and 
distribution of any excess capacityo The Rational Method 
could not deal with the analysis of a complex sewer network 
in which both free surface and pressurized flow conditions 
occur in a partially looped, partially dendritic system, 

3) Due to the uncertainty of the flow rate and the lack of 
accurate hydraulic routing in the design procedure, it was 
felt that the additional flow capacity of the system result- 
ing from surcharge should be kept in reserve as an added 
factor of safety. 

It is no longer necessary, however, to adhere to these restric- 
tions. Many comparisons have been done between measurements and model 
computations, which demonstrate that inlet hydrographs predicted by 
calibrated models are close to the real flows. Models are also available 
for the accurate hydraulic analysis of surcharged conditions. If a factor 
of safety is desired. It can be incorporated into the design as a known 
function of the design rainfall rather than an indeterminate 'extra' 
resulting from the methodology. 

The effect of surcharge on a sewer network is to cause a redis- 
tribution of flow from segments which are under pressure to those that are 
not by means of backwater effects and cross-over flows between interconnec- 
ted pipes. This provides a certain amount of internal relief to the system 
by a more complete utilization of its potential storage and flow capacity. 



Figure 10 illustrates the possible difference between results 
obtained by analyzing a sewer network using a model that considers surcharge 
and one that does not. In this hypothetical example, when lines A and B 
are considered separately, line A is found to be flowing full and line B 
has a very high surcharge. When A and B are connected by the lateral pipes, 
however, flows are generated from line A to line B due to the difference in 
water levels which, in this case, is sufficiently high to overcome the 
adverse slope in the laterals. In the design of the system segment shown 
without surcharge, a significant increase in pipe size would be required 
online B, while the analysis with surcharge and cross-connections 
demonstrates that the existing pipe sizes are adequate in this case if a 
degree of surcharge is permissible. 

The degree of surcharging required to relieve a system depends on 
several factors. The slope, depth and capacity of the conduits and the 
number and size of cross-connections will all have some effect. In general, 
however, it is apparent that significant economies may be possible if sur- 
charge is considered in relief sewer design, 

SELECTION OF MODELS 

During both the planning and design stages, modelling should 
start after the objectives have been clarified, the alternatives or options 
determined and the criteria for their selection defined. The results of 
the modelling are used to assist in comparison and selection of 
alternatives. The real process, especially in the planning stage, is a 
circular one in which modelling assists the decision-maker in a better 
definition of his objectives. 

Models may be different for planning and design stages. For 
example in studies related to new developments during the planning stage, 
the decision-maker is more interested initially in the definition of pro- 
blems and the screening of a broad range of alternatives. These alterna- 
tives may include not only types of storage, but also selection of the level 
of control or level of protection against flooding. A detailed description 
of the system to be studied is often not available at the planning stage. 
Cost estimates for screening need only be approximate, provided that rank- 
ing of alternatives is not distorted. The final ranking of alternatives 
may be in the form of matrices incorporating both engineering aspects and 
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other considerations, for example, legal and social aspects, transportation 
and landuse policy. 

When the alternatives have been narrowed down to a small number, 
accuracy and engineering become increasingly important. At the design 
stage, sophistication in approach may be justified by measurable savings 
in the investment. More data are usually available and the expenses for 
their collection are generally justified. At this stage, economics is 
often the key criterion for selection between alternatives. 

An important rule concerning any model is that it has to be cali- 
brated, validated and documented. The Rational formula cannot be calibrated 
because of its assumption of uniform rainfall intensity. The recent 
Canadian study on storm water management models was largely directed towards 
use of measurements on Canadian watersheds to validate catchment parameters 
which had been determined by calibration on U.S. watersheds. 

Validity of the output from a model will be entirely dependent 
on the validity of assumptions and input data. (in the jargon of people 
who worl< with computers, GIGO means garbage in, garbage out). 

Sensitivity analysis is a powerful tool in determining errors 
caused by some assumptions in modelling. The Canadian study included 
sensitivity analyses of such parameters as infiltration capacity and 
depression storage which could not be determined precisely by field 
measurements. 

Many studies have compared models on the basts of their accur- 
acy and some of these studies will be discussed in the lectures. It is 
felt that model selection should also be based on additional factors, 
including: 

(a) availability In documented, non-proprietary form and 
potential for improvement through widespread use, 

(b) low cost of data collection and operation, 

(c) experience in practical applications and validation for 
Canad ian condi t ions , 

(d) simplicity - model sophistication compatible with 
complexity of problem to be analyzed. 
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In general, a single model cannot handle the whole range of ques- 
tions which emerge during the course of a project. The modeller should 
be conversant with different types of models and capable of selecting the 
St appropriate models for different stages of the study. The "best" 
del is the one which gives the answers required for the decision-making 
process at minimum cost. Real cost includes also development of inhouse 
expertise, training, debugging of programs, availability of consultants, 
etc. 
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INTRODUCTION TO THE SWMM'-^ 

Alan R. Perks 
Proctor fi Redfern Limited 



The SWMM is a comprehensive computer model used to simulate 
real or design storm events on an urban catchment. It accepts as input 
any rainfall pattern, and then makes a step by step computation of infil- 
tration, depression storage, surface runoff and insewer routing to arrive 
at the desired outflow hydrography Hydrographs may be computed for any 
point in the sewer system. The model handles both the quantity and 
quality of storm water runoff from an urban area. 

The program is comprised of four major computational blocks , 
each simulating a different part of the Rainfall/Runoff cycle. 

RUNOFF BLOCK - simulates overland flow and surface runoff 

from a system of surface subcatchments. 

TRANSPORT BLOCK - simulates in-sewer hydraulic routing and 
various sewer control structures. 

STORAGE BLOCK - simulates any storage or treatment facility 

through which the runoff passes. 

RECEIVING BLOCK - simulates the hydrodynamics of any lakes or 
streams into which the runoff is eventually 
d ischarged. 

Each block is executed in the proper sequence; however, it is 
not necessary to operate the entire program in any simulation. In the 
majority of cases, only the RUNOFF and TRANSPORT blocks are run. 

Large scale computer facilities are required, such as IBM 360, 
UNIVAC 1108, or CDC 6600, for running the SWMM. It is written in FORTRAN 
IV language. The cost of a simulation will vary depending upon the comp- 
lexity of the system and the number of program blocks employed. Generally, 
a cost of about $25 to $50 results from a surface runoff and flow routing 



" Refer to "Storm Water Management Model Study", Volume I, Sections 1, ^, 
6 and 7, Canada-Ontario Agreement Research Report No. ^7. 
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simulation employing some 150 manholes and pipes. Use of the new sur- 
charged flow routines calls for smaller computational time steps which 
push the cost to $100 to $200 per run. 

The SWMM was developed originally in 1971 by a consortium under 
the U.S. Environmental Protection Agency. It has since been modified and 
maintained by the University of Flordia, In Canada, Fisheries and Environ- 
ment Canada and the Ontario Ministry of the Environment commissioned a 
study of the SWMM which had as its objectives a review of SWMM, addition 
of a Snowmelt model, provision of a complementary "planning" model, and 
development of separate routines for manipulating the modelling data. 
This study was conducted jointly by Proctor & Redfern Limited and James 
F. MacLaren Limi ted-- 

THE RUNOFF BLOCK 

The RUNOFF Block computes storm water runoff quantity and 
quality characteristics from each surface subcatchment , and then stores 
the hydrographs and "pol 1 utographs", which are essentially hydrographs of 
pollutant concentrations, at designated inlet points to the main sewer 
system. 

This block is concerned exclusively with the surface runoff 
hydrographs before the main sewer system is reached. Each subcatchment 
is described in terms of its Imperviousness , infiltration capacity, land 
use, average ground slope, detention storage capacity and surface rough- 
ness characteristics. The amount of impervious area has proven to be the 
most influential parameter on surface runoff. The greater the impervious- 
ness, of course, the greater the peak flow rate and volume of runoff. 

The amount of pollutants entering the storm water is computed 
as a function of the pre-storm accumulation of dust and dirt and the 
intensity of surface runoff. An exponential relationship is used to 
compute the dust and dirt washoff in each time step, based upon the 
computed rate of runoff. Seven types of pollutants are modelled and 
their concentrations are determined as fractions of the amount of dust 
and dirt washoff. 



" Refer to "Storm Water Management Study", Volumes I, II, and III, 
Canada-Ontario Agreement Research Reports No, ^7, ^8 and 62. 



Hydrographs and pol 1 utographs from each subcatchment are subse- 
quently used as input to the routing procedureb of the TRANSPORT block. 
Up to 200 subcatchments may be modelled in the program. The amount of 
input data depends upon the level of detail employed in the simulation. 

THE TRANSPORT BLOCK 

The TRANSPORT block simulates the routing of water and pollutants 
through the sewer system to the outlet. Input consists of the inlet hydro- 
graphs and pol lutographs generated in the previous block. The geometric 
properties of the sewer system are described to the program, which then 
sequentially combines the inlet hydrograph with the conduit flows and 
routes the resulting flow downstream to the next manhole. 

Dry weather flow and infiltration are also computed here. 
Using various combinations of these capabilities, SWMM can be used to 
simulate storm or combined sewers. 

Various pipe shapes and structures may be modelled to more 
closely represent the real system, including in-line storage devices. Up 
to I60 conduits and manholes may be modelled in a single run. In order 
to accommodate larger systems, however, it is usually necessary to 
aggregate several small conduits into a single representative large 
conduit. 

SWMM employs the "kinematic wave" theory, in accordance with^" 
Manning's equation and continuity, for the routing of flows under free- 
surface cond i t ions. When pipe capacity is exceeded, however, the program 
limits the flow to that capacity, and stores the excess flow for 
subsequent release when capacity becomes available. More recently, new 
routines have been developed which simulate conditions during surcharging 
and account for the hydraulic grade elevation at all times. Flooding and 
increased capacities under surcharge may be investigated more fully using 
these routines. 

Quality constituent routing from manhole to manhole is 
basically by a mass balance approach. This means that pollutants 
entering the sewer system at each manhole are combined with the sewer 
flows from upstream areas and new concentrations are computed. 

Routed in-sewer hydrographs and pot 1 utographs may be printed 
out for any praint in the system. Results for the outlet point may be 
passed on to subsequent STORAGE or RECEIVING blocks. 
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THE STORAGE-TREATMENT BLOCK 

This block nwdels the effects of off-line storage units and/or 
storm water treatment operations. In addition, cost estimates for 
installation and operating the treatment processes being modelled may be 
computed. This block accepts as input the outlet hydrographs and pollu- 
tographs generated by the TRANSPORT block. 

Storage units are modelled according to the desired volume, 
geometric properties, and outflow controls. Both irregular and regular 
shaped units may be simulated, and the selected outlet or inlet controls 
may consist of weirs, pumps or orifices. Sedimentation is modelled as a 
function of detention time. This flexibility permits application to a 
wide range of actual costs. 

Treatment is modelled by selecting combinations of standard 
treatment processes which are contained in the model. Strings of 
individual processes are thus made up representing the desired overall 
treatment package. In each time step, solids and BOD removals are 
computed according to the selected string. 

Storage and treatment costs may be estimated for each configura- 
tion of units modelled. Capital and operating costs for installation, 
land, chemicals, etc., may be computed from input unit costs and indices. 

Only minimal input data is required to describe the storage/ 
treatment faci 1 i t ies. 

THE RECEIVING WATER BLOCK 

The RECEIVING block models the impact of storm and combined 
sewer discharges on lakes, rivers, and estuaries. Aside from in-sewer 
hydraulic and control problems, this is the other major reason why we 
are concerned about storm water in urban areas. The receiving water 
body possesses a certain assimulative capacity, depending upon its size, 
temperature, and configuration. To properly decide upon the allocation 
of this assimilative capacity, the effects of various alternatives must 
be investigated. 

Usually the most important way in which pollutants move about 
in smaller water bodies is by the bulk movement of the water itself. 



Therefore, the determination of the flow patterns is also required, and 
for this, the RECEIVING block was developed 

The RECEIVING block uses a system of "channels" and "nodes" to 
represent a water body^ Nodes are assigned a volume, surface area, and 
depth, representing a small portion of the water body. Channels, having 
a certain length, width, slope, and roughness, are used to connect the 
nodes. 

The equations of motion and continuity are solved at each time 
step to determine the flow in each channel and the net transfer from 
node to node. Resulting changes in the water surface elevation are 
computed at each node, The conservation of mass is used to determine 
changes in pollutant concentrations at nodes. 

Various boundary conditions such as a tidal curve, weirs, or a 
specified outflow may be simulated. 

The RECEIVING block model is one dimensional, and will be 
sufficiently accurate for a large number of rivers, lakes, and estuaries 
where this assumption is valid. Where pollutant movement is not primari- 
ly by bulk movement of water, then the model should not be used« 

MODEL USAGE 

The foregoing brief overview was intended to illustrate the 
broad scope of the entire SWMM and also to indicate the basic mechanics 
of its operation. In fact, the RUNOFF and TRANSPORT blocks have become 
the most widely used of the four major computational blocks, and are 
often run by themselves. Let's now look at the steps required in 
performing a typical simulation using these two blocks. 

Certain basic data must first be collected and reviewed. Topo- 
graphic and land use plans are required to describe the surface subcatch- 
ment characteristics. Information on soil types is useful, although default 
values for this parameter, as well as surface detention, and surface rough- 
ness are provided. Sewer system maps, plans and profiles are required in 
order to properly describe each conduit being simulated. Inspection of 
this data may reveal serious inadequacies which would require some field 
work„ 

Unless very small systems are being modelled, skeletonizing the 
sewer system into its major elements will be the next step. All major 
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trunk conduits, and pipes serving areas of special interest should be 
included up to the limit of 160 elements. Aggregating several small pipes 
into a representative large one for modelling purposes is acceptable. 

The surface of the drainage area must then be subdivided into 
tributary subcatchments draining to each inlet manhole being simulated. 
Ideally, the subcatchments should represent homogeneous land uses, and 
several subcatchments may be assigned to a single manhole. For each 
subcatchment , representative infiltration, detention, slope and roughness 
parameters must be defined. 

Detailed instructions on these procedures are given in the SWMM 
User's Manuals. The data is then coded and keypunched into a card deck 
which is used to run the SWMM, Once several runs have been modelled, the 
user will usually obtain some familiarity with the model and its output, 
and be in a position to operate the numerous graphical, printout, and 
execution control options. 

MODEL CALIBRATION 

Model calibration should be carried out, where possible, to 
ensure that the model is accurately simulating the characteristics of the 
real system. It may be conducted using all or only a portion of the area 
under study. The basic procedure consists of a comparison between measu- 
red and SWMM computed hydrographs at the same point in the system. Sub- 
sequent adjustment of some of the model parameters may be done to Improve 
the agreement between nxsdel and measurements. 

Most of the parameters useful for calibration are In the RUNOFF 
block, and consist of infiltration rates, detention storage, resistance 
factors, and to a certain extent, imperviousness. Each of these para- 
meters will influence either the peak flow, volume, shape, or timing of 
the resulting hydrograph. There are no set rules as to which parameters 
should be adjusted in any situation; however, experience has shown that 
the Imperviousness and infiltration rates are the most influential ones. 
The following table shows these parameters and the characteristics of the 
hydrographs most affected. 
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Parameter 

Percent imperviousness 
Inf i 1 trat ion rates 
Detent ion storage 
Roughness factors 



Has Most Effect on 

Peak flow, volume 
Volume, peak flow 
Vol ume 
Timing 



Calibration may also be conducted for the quality simulation, 
although a good agreement is difficult to obtain over more than a single 
events 

An appreciation of the sensitivity of the model to changes in 
the input parameters is useful in conducting a calibration. Experience in 
running the model is the best instructor in this regard. 
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THE SWMM RUNOFF SUBMODEL - RELATIONSHIPS 
FOR QUANTtTY SIMULATION 

Bill Clark 
James F. MacLaren Llmi ted 

lo RUNOFF PHENOMENA - HYDROLOGIC AND HYDRAULIC PROCESS 

- Runoff from urban watersheds generally Involves the interaction of 
many phenomena varying both temporally and spatially. 

- Hydrologic processes: 

- rainfa] 1 intensity, 

- evaporation losses, 

- interception, 

- depression storage losses^ 

- surface infiltration losses, 

- overland flow over pervious and impervious surfaces. 

- Hydraulic processes: 

- lateral inflow to gutter systems, 

- flow routing through shallow gutters, 

- inflow through catch basin grates, 

- conduit flow. 

2. PREVIOUS METHODS OF ANALYSIS 

- Many attempts to simplify these phenomena have been made in pre- 
computer era. Of these, the Rational method is by far the most 
widely used, 

- The Rational method is technically inadequate for many modern 
requirements of storm water management. 

3. UNIT HYDROGRAPH METHODS 

- Unit hydrograph methods are widely used in rural watersheds and 
they give good results if adequately calibrated, 

- Many attempts have been made to apply the unit hydrograph approach 
to urban watersheds (QUURM Is a Canadian example). 
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In general, calibration against measurements is carried out by 
adjustment of the imperviousneSb ratio and sewer characteristics. 

- Measurements may be used in future research and unit hydrograph 
development when they are available. 

- Measurements in Texas show that unit hydrograph characteristics 
change drastically with surcharge. 

ISOCHRONE METHODS 



- The isochrone method is a simple procedure to generate hydrographs. 
The approach was improved by the Road Research Laboratory in Great 
Britain (RRL Model) and more recently by the Illinois State Water 
Survey (ILLUDAS Model) 

- This method uses a less sophisticated transport routine than SWMM. 
li, SCHEMATIZATION OF THE URBAN WATERSHED IN THE SWMM 

- SWMM separates the analysis of the urban drainage system into the 
hydrologic (watershed) processes and the hydraulic (conduit) pro- 
cesses and two independent but interfaced program blocks are used 
(RUNOFF and TRANSPORT). Only RUNOFF is discussed here. 

- Even with a computer technique it is still necessary to greatly 
simplify the representation of the watershed, although most of the 
Important hydrologic processes are represented, i.e. 

- rainfall intensity variation, 

- depression storage, 

- surface infiltration, 

- overland flow, 

- gutter and conduit flow. 

- SWMM model makes many simplifying assumptions on each subwatershed, 

- Each subwatershed is comprised of rectangular plane surfaces. 

- The subwatershed can be divided into one completely pervious 
block and one completely impervious block. 

- Rainfall is uniform over whole area for each time interval. 

- Infiltration rates are Independent of rainfall intensity or 
antecedent volume and do not recover with time. 
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- All runoff enters the gutter or Inlet at a single point, 

- Depression storage on pervious areas is not restored by infiltra- 
tion, 

- Surface conditions (slope, roughness, etc.] are uniform. 

- Simplified "volumetric" gutter routing, 

- Because of all these approximations, runoff hydrographs are usually 
the major source of error in the model simulation. More detail 
(smaller subwatersheds) improves accuracy, but cost of data prepara- 
tion, computer runs, etc., goes up. 

- Testing results show that these approximations still give good 
results. Despite limitations, the model does account for physical 
processes and watershed response to different factors. 

6= SWMM SIMULATION PROCESS 

- Step by step procedure given in the handout at the bacl< of these 
notes. 

7. DESIGN STORM CONCEPT^^ 

- Historical rainfall data (intensity - duration curve) is used to 
derive a theoretical rainfall distribution. (See attached figure). 
A statistical analysis of many rainfall events is used to derive the 
characteristics of the hyetograph. 

- For any given duration, the maximum average intensity equals that of 
the intensity duration curve of the same frequency. 

- Eventually storms of record may be used if measurements are main- 
tained on large urban watersheds. 

8„ SWMM RUNOFF INPUT REQUIREMENTS 

a. Rainfal 1 hyetograph 

b. Subcatchment areas 

c. Subcatchment % imperviousness 

d. Subcatchment depression depths 

e. Subcatchment inf i 1 trat ion rates 



Reference: Kiefer, C.J. and Chu, H.H. "Synthetic Storm Pattern for 

Drainage Design", ASCE Journal Hydraulics Division, August, 
1957. 
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f. Subcatchment geometry (width) 

g, Subcatchment slope 

h. Subcatchment roughness 
i. Gutter/pipe characteristics 

j. Control parameters - number of timesteps, computational time 
interval , etc. 

EQUATIONS OF EPA RUNOFF MODEL 

1. Rainfall is added to the subcatchment according to the 
spec i f ied hyetograph: 

D, = D^ + R^ At (1) 

in which D = the water depth after rainfall: D = water depth of the 
subcatchment at time t; and R = the intensity of rainfall in time 
interval At. 

2. Infiltration I is computed by Norton's exponential 
function, 1^ = ^Q + (f, - f^) e ^^, and ts subtracted from 

water depth existing on the subcatchment 

^2 = Dj - 't ^t (2) 

in which f , f , and a = coefficients in Morton's equation and D = 
intermediate water depth after accounting for infiltration. 

3. If the resulting water depth of the subcatchment D Is 

larger than the specified detention depth D., and outflow rate is 

d 

computed using Manning's equation: 

V=I^tD,-0^)^/3 3./2 ^3^ 

and Q^ = V W (D^ - D^) (M 

in which V = the velocity; n = Manning's coefficient; S = the ground slope; 
W = the width; and Q = the outflow rate, 

k. The continuity equation Is solved to determine the water 
depth of the subcatchments, resulting from the rainfall, infiltration and 
outflow. Thus 

D + At = D - ^ At (5) 

^ A 

in which A = the surface area of the subcatchment. 



'S-m Steps 1 to k are repeated until computations for all 
subcatchments are completed. 

6. The inflow (Q. ) to a gutter Is computed as a summation 

I n 

of outflow from tributary subcatchments (0 .) and flow rate of 

immediate upstream gutters (Q .) 

9 » ' 

^in = Q^.i ' ^'^9'' ^*^ 

7« The inflow Is added to raise the existing water depth of 
the gutter according to its geometry. Thus 

h-\^Kf- ^' (7^ 

in which Y, and Y = the water depth of the gutter and A = the 
It ^ ^ s 

mean water surface area between Y and Y , 

8. The outflow is calculated for the gutter using Manning's 

equation: 

V =MiR 2/3 3 ]/2 (8) 

n I 

and Q =- V A^ . . . (9) 

9 C 

in which R = the hydraulic radius; S. = the invert slope; and A = 
the crosssect ional area at Y , 

9. The continuity equation Is solved to determine the water 
depth of the gutter, resulting from the inflow and outflow. Thus: 

^^" = ^ ^ («in- V^ ^'°^ 

^ s 

10. Steps 6 to 9 are repeated until all the gutters are 
f in i shed, 

11. The flows reaching the point concerned are added to pro- 
duce a hydrograph coordinate along the time axis, 

12. The processes from 1 to 11 are repeated In succeeding time 
periods until the complete hydrograph Is computed. 
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THE SWMM RUNOFF SUBMODEL - RELATIONSHIPS 
FOR QUALITY SIMULATION^ 

Andy F, Roake 
James F. MacLaren Limi ted 



BACKGROUND 



- The nxjst significant effect of the trend towards sewer separation 
in the I960's is that combined sewers are not normally installed in 
new developments. 

- About 50% of Canada's urban areas are still served by combined 
systems, 

- Within the last 20 years, the significance of pollutants in urban 
runoff has been recognized. 

- Pollutant concentrations in surface runoff measured in North York, 
Toronto in a single-family residential subdivision: 



ss 


15 - ^10 mg/1 


BOD 


1 - 90 mg/1 


Total Col i form 


2800 - noOOO MPN/100 


Phenols 


0-22 ppb 


POLLUTANT LOADS 





- Once depression and infiltration losses are accounted for, 0,10 
inches of rain over a lOOO-acre subdivision will cause about 



1000 (acres) x ^3560 (ft^/acre) x °:'° ij") . 

12 (in/ft, 



X kO (percent Imperviousness) 
: 150,000 ft^ of runoff. 

- BOD concentrations in surface runoff are often comparable with 
those in secondary effluent at the treatment plant. 



Refer to "Storm Water Management Model Study", Volume I, Section 5, and 
Volume It, Sections 2 and 3, Canada-Ontario Agreement Research Reports 
No. 47 and hQ. 



SS concentrations are often comparable with those in raw domestic 
sewage. 

- The volumes of surface runoff In a medium intensity storm tn an 
urban area may be 100 times the dry weather flow (DWF) from that 
area. Consequently, during storms the total pol lutant load , 

i.e. runoff volume (ft ) x pollutant concentrations (mg/l) 

. 28.3 (1b/ft^) 

^ ^5^ (g/Ib) X 1000 (mg/g) 

to the receiving water via runoff can be many times that from the 
treatment plant. 

- Combined sewer overflows are a mixture of polluted surface runoff 
and raw sewage. Therefore, in general, pollutant concentrations in 
overflows are higher than those in surface runoff. 

- Some recent figures on the relative importance of urban pollutants 
show: 

Pounds per year 
per tri butary acre 
Source [1] BOD SS_ 

Treatment plant 

- primary treatment 

- secondary " 

Combined Overflows 
Surface Runoff 

3. POLLUTANT SOURCES 

Surface: 

- washout of particulates and gases in the air 

- dirty roofs and building surfaces 

- dust and dirt on roads and sidewalks 

- traffic byproducts (tire residuals, exhausts! 

- animal droppings, vegetation 

- fertilizers, weed killers 



1200 


750 


275 


275 


160 


610 


40 


600 
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- de-icing agents 

- erosion in new developments and parks 

Subsurface : 

- catch basins 

- depositions from DWF in sanitary systems 

- II legal cross-connections in separate sewers 

STUDIES 

- One of the most comprehensive investigations nto surface pollutant 
sources was conducted by APWA in Chicago, In was apparent that the 
most significant component of street refu<^e is dust and dirt 
(except in the fal 1 when vegetation is r redominant) [2] . 

Rags 0.018 ton/month 

Paper 0.^32 

Dust/Di rt 6.60 

Vegetation 2.22 

Inorganics 1 .08 

Total 10.35 

- The major problem with stor,Ti runoff monitoring studies Is that 
average concentrations are often reported instead of total event 
pollutant loads and consequently comparison with other studies is 
not possible.. 

- The need for consistent units has led to the development of: 

mg of pollutan,: per g of dust and dirt, 
and lbs of dust rnd dirt per tOO feet of gutter per day, 

for the compos tlon and accumulation rate (respectively) of surface 
pol 1 utants. 

- Studies in Chicago and Tulsa have indicated that the rate of 
accumulation of pollutants on an urban watershed varies 

5 i gn i f ir jnt 1 y with land use. Industrial and commercial areas tend 
to be '.uch dirtier than residential areas. 



- While the rate of dust and dirt accunulation appears to be 
consistent, specific local circumstances may greatly alter 
composition (de-icing chemical is an example) 

5 ENTRY OF POLLUTANTS INTO SURFACE RUNOFF 

- Initially pollutants are washed out of the air. Depressions in the 
impervious area are filled, runoff from impervious area begins, 
surface pollutants •ire dissolved, or as the runoff intensity 
increases, are suspended. The rate of runoff controls the size of 
the particles picked up in the flow. 

6. MODELLING THE QUALITY OF URBAN RUNOFF 

- There are both statistical and deterministic models available for 
modelling runoff quality. 

- Statistical models for runoff quality are often based on multiple 
regression equations of the form: 

Y =- bo + b,x, + b^x„ + b-x^ +....b. x, + u 
p 11 2 2 3 3 k k 

where: Y is the independent variable, 
P 

X. (i =" 1 to k) represents an explanatory variable, 

b. (i = 1 to k) represents a regression coefficient, 
and 
u is an unexplained residual term. 

In this case, the Y 's are the pollutant concentrations, and the 

P 
x.'s are the independent variables which define precipitation 

characteristics. The precipitation characteristics may be divided 

into two groups: 

1 ) Current Event 

X - time since start (min.) 
X = total amount since start 
x^ = average intensity (in/hr) 
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2) Antecedent Event 

X, = time since antecedent event (hr) 

x_ = anxjunt of antecedent event (in) 

X. = duration of antecedent event (hr) 

X = average intensity of antecedent event (in/hr) 

- Statistical models can give reasonable predictions of pollutant 
concentrations when used within the range of variables (x. ) 
used to set up the regression equations. 

^ They do not perform well outside these ranges. Often we are 
interested in critical cond ttions, such as a heavy storm 
following a long dry spell. If we have already measured these 
conditions, simulation may not be required. If critical 
conditions do not fall within the sampled events, we cannot rely 
on the results of the regression equations. 

- Statistical equations developed in one area have little relevance 
in other dissimilar areas. This is also true for an area 
undergoing a significant transformation such as urbanization. 

- Deterministic models represent the physical and chemical 
phenomena involved in pollutant washoff. The model can only be 
as good as the understanding of these phenomena and the ability 
to reduce this understanding to mathematical relationships. 

- Many simplifying assumptions are required for most models and 
generally only the major processes are modelled. Sometimes two 
or more processes are lumped as a single process. For instance, 
in SWMM there is no direct consideration of airborne pollutants. 
However, in calibration, they are indirectly considered as part 
of the surface accumulation, 

- Some parts of the overall pollutant washoff phenomena may be well 
represented by statistically developed data, e.g. average pollutant 
levels in dust and dirt. Often, such parameters are incorporated 
in the model and it is no longer purely a deterministic model. 
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- SWMM and STORM are basically deterministic models but they contain 
a number of empirical parameters, especially in the quality 

rout ines, 

- In genera], deterministic models have a greater "transferability" 
to other watersheds than statistical models. This is because the 
main basic processes are accounted for. 

- SWMM and STORM use basically the same equations for quality 
simulations. 

Using APWA units for the rate of dust and dirt accumulation, the 
rate of buildup DD. for a given land use L can be expressed as: 

DD^ = dd^ X (G|^/IOO) X A|_ (1) 

where: DD = rate of dust and dirt accumulation on a water- 
shed of land use L in lb/day; 

dd = rate of dust and dirt accumulation on water- 
shed L in lb/day/100 feet of gutter; 

G, = feet of gutter per acre in watershed L; and 

A = area of watershed L in acres, and modified by 
any street cleaning. 

- The initial quantity of a pollutant p on watershed L at the 
beginning of a storm can then be computed as: 

Pp = (^ '^ '\ '^ %) * Ppo (2) 

where: P = total pounds of pollutant p on the watershed L 
at the beginning of the storm; 

F = pounds of pollutant p per pound of dust and dirt; 

N = number of dry days since the last storm, and 

P = total pounds of pollutant remaining on watershed 
L at the end of the last storm. 

/. EXPONENTIAL WASHOFF EQUATION 

- The mass, P, of a pollutant washed off in any time interval, 
dt, is proportional to the pounds on the land surface at the 
beginning of that time interval. This can be written: 



1 - ^' (3) 

which integrates to 

AD D /• "kAt. 

AP - P^ (,-e ) (/,) 

where: At is the pollutant mass washed off by surface runoff, 

P^ is the Initial surface pollutant mass, 
t is t i me , 
k is a constant (discussed below). 

The assumption was made that: 

k varies directly with the rate of runoff, r, i.e. as k (=Br) 

becomes very large, 

/, -kAtx 

(l-e ) -»■ uni ty 

.". all surface pollutants would be removed at high runoff 
rates. 

As a working hypothesis, it was assumed that a uniform runoff 
of 0.5 inches/hr would wash away 90^ of surface pollutants in 
one hour . 

This leads to a value of B = ^,6 and equation (2) becomes 

AP = P^ (,-e-'*-^^") ^., 

where: AP, P are in lb, 
o ' 

r is in inches/hour. 
At is in hours. 

Equation (5) is known as the exponential washoff equation and 
is the basis for SWMM quality simulations. In the model it 
is solved at each time step (typically 5 minutes), 

A plot of AP versus t is termed a pol lutograph , one of the most 
informative methods for expressing the pollutant load carried by 
urban runoff. To determine the concentration of a pollutant in the 
runoff as a function of time, one simply divides the pollutograph 
value, AP by Q. (with appropriate conversion factors). 
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THE SWMM TRANSPORT SUBMODEL 

Patr ick Ahern 
James F. MacLaren Limited 



1 . PRINCIPLES OF SWMM RUNOFF SIMULATION 

- SWMM RUNOFF generates surface runoff hydrographs and routes them 
through the local drainage system, 

- SWMM TRANSPORT then routes the hydrographs through the main 
drainage network (trunk sewer system). If quality simulation 
is carried out, pol 1 utographs are also routed through the 
network , 

2. METHODS FOR FLOW ROUTING 

- Steady flow routing methods merely transpose inflow hydrographs 
and may lead to significant errors for large drainage systems. 

- Unsteady flow methods account for dynamics of sewer flow and 
in-system storage which modify the inlet hydrograph. 

3. PRINCIPLES OF UNSTEADY FLOW 

- Sewer flow is non-uniform and unsteady, and may be represented 

by the St. Venant equations for continuity and momentum {dynamic 
wave equat ion) , ■'- 

- The method of solution of the equations should be consistent with 
the limits of accuracy of urban drainage studies. 

k. UNSTEADY FLOW MODELLING IN SWMM TRANSPORT 

- SWMM TRANSPORT contains a simplified version of the St„ Venant 
equat ions. ■■•■''• 

- The equations are solved by finite difference techniques and 
the accuracy of the model has been verified by measured flows. 



■• Refer to "Storm Water Management Model Study", Volume II, 

Canada-Ontario Agreement Research Report No. ^8, Section 1. 

■■■■■" Ibid, Volume I, Research Report No. kj , Section ^.2.2.1, and Volume 11, 
Research Report No, ^8, Section 1. 
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5o BACKWATER AND SURCHARGE LIMITATIONS 

- SWMM routes hydrographs independently of downstream conditions, so 
potential backwater effects are not considered (except for flow 
control structures) . '■• 

- SWMM does not accurately simulate surcharge conditions. Excess 
inflows to a conduit are stored upstream until capacity becomes 
aval lable. 

- A hydraulic design option is included to revise pipes to accommodate 
free surface flows. 

6. INFILTRATION AND SANITARY FLOWS 

- For applications concerned with combined overflows, Infiltration 
and sanitary flow will be important, 

- Total infiltration is the sum of a dry weather component, which is 
relatively constant, and a wet weather component, which Is a 
function of antecedent rainfall. When tne sewer is below the ground- 
water table. Infiltration is calculated as a function of the ground- 
water^"" 

- Average sewage quantity and quality characteristics are calculated 
as a function of land use. Correction factors are applied to 
allow for hourly variations, 

- Routing of pollutants In SWMM TRANSPORT Is based on the continuity 
of mass principle. 

7, PHYSICAL SYSTEM REPRESENTATION 

- The main drainage system is represented as a set of linked elements: 

conduits and non-conduits. 

- The data input for conduits include geometric dimensions, invert 
slopes and Manning's roughness. 

- Non-conduit elements are usually manholes, but may include lift 
stations, flow diversion structures and in-line storage. 



Refer to "Storm Water Management Model Study", Volume I, Canada-Ontario 
Agreement Research Report No. ^7» Section ^„2„2.K 

Ibid, Sect ion 6.2, 
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8. OUTPUT FROM SWMM TRANSPORT 

- SWMM provides flow hydrographs at any point in the sewer system 
and volumes of surcharge (if any). 

- If quality modelling is carried out, SWMM provides pol 1 utographs 
for BOD, SS and coliforms, 

9. THEORETICAL STUDIES WITH SWMM TRANSPORT 

- Effects of routing distance, conduit lengths, surcharge, change 
in Manning's n.- 

10. MODELS WHICH CONSIDER SURCHARGE 



- The Dorsch HVM and WRE models simulate the sewer system as a net- 
work of interconnected segments. They have the capability to 
consider backwater effects, surcharge and looped sewer networks."- 

- The WRE sewer hydraulics routine is currently being incorporated 
in SWMM. 



Refer to "Storm Water Management Model", Volume I, Canada-Ontario 
Agreement Research Report No. ^7, Section ^.3-2. 

Ibid, Sections ^,2.2.2 and ^,2.2.3, and Volume II, Research Report No. 
48, Section 1 . 



LONG-TERM SIMULATION MODELS^'-- 

Alan R. Perks 
Proctor £ Redfern Limited 



GENERAL INTRODUCTION 

As we have seen in the foregoing sections, single-event models 
I i ke SWMM provide detailed information on only one event at a time and the 
initial conditions leading up to this event must be assumed. They provide 
no information on system behaviour or control effects over longer periods of 
time during which many events may occur. For example, a storage facility 
design for a 25~year event may in fact be overtopped by two closely-spaced 
events of more frequent occurrence. 

For planning purposes continuous simulation models are needed 
since we are usually concerned with overall magnitudes and frequencies of 
storm flow events over long periods of time. Such models can be used to 
assess urban flow frequency relations, study the effectiveness of various 
control alternatives, and screen the record for critical events or groups of 
events which may be further mode lied in deta I 1 , 

Characteristics of most continuous models are high speed process- 
ing, use of less detail In defining the urban catchment and associated 
hydrologic properties, and in many cases no hydraulic flow routing. 

Usually, several years of rainfall data can be analysed for the 
same cost as analysing a single storm event with a detailed model. 

A number of continuous simulation models are available at the 
present time, which employ varying degrees of complexity in their 
computations. STORM Is one of theseo It was developed by the U.S. Army 
Corps of Engineers and has become quite popular both in the U.S. and Canada 
as a good "first-cut" or "planning" model. Some features of STORM which 
make it an attractive mode) are its relative simplicity, low cost to 
operate and ability to perform both quantity and quality simulation, 

OVERVIEW OF "STORM" 



STORM considers the watershed as a single catchment and performs 
no quantity or quality routing. Hourly runoff is computed from Input raln- 



" Refer to "Storm Water Management Model Study", Volume 1, Canada-Ontario 
Agreement Research Report No. ^7, Sect ion IK 



fall, a selected runoff coefficient and a specified retention storage. 
Snowmelt may be computed in each hour using the familiar "degree-day" 
method. The lack of routing computations is not viewed as an omission 
s i nee in many sma 11 urban catchments the routing effects are relatively 
sma 1 1 . Furthe rmore , ove ra I 1 vo 1 umes of runoff are usually more useful 
than flow rates for storage planning purposes. 

Quality computations consist basically of computing the accumuta- 
tion and subsequent washoff of dust and dirt on the urban subcatchment , 
The amount of pollutant washed off the land in each hour is computed as 
an exponential function of runoff rate, similar to the SWMM computation. 

Various storage and treatment rates may be specified at the out- 
let of the area being modelled, STORM computes the hourly runoff, treat- 
ment rate, filling of storage and final overflow according to the specified 
sizes. Therefore, the long-term effects on reduction of overflows by 
various storage and treatment options may be evaluated. 

Soil erosion from land areas may be computed using the "Univer- 
sal Soil Loss" equation, an empirical relationship developed from agricul- 
tural research. 

The newest version of STORM considers dry weather flow quantity 
and quality and so the model is directly applicable to combined sewers. 
In addition, unit hydrograph procedures have been incorporated into the 
runoff computation as an optiono 

INTERFACING DIFFERENT MODEL TYPES 



Different types of models may be employed at various stages of 
a project, depending upon the information required. For example, in the 
initial stages of an overflow assessment study, general information on 
the magnitude and frequency of overflows over several years is usually 
required to place the problem In perspective. A continuous model could 
best furnish this i n format ion . Subsequent eva 1 uat ion of spec i f I c control 
alternatives would call for more detailed information using a SWMM type 
mode 1 . 

A complete urban runoff study might therefore consist of three 
separate stages: data preparation, planning, and design, each using a 
different type of model. 



Data preparation involves manipulation of the large quantities 
of data especially meteorological, which are required by different 
fiiodels. Simple computer programs may be written for this purpose. 

The planning stage involves a general assessinent of runoff 
characteristics using a model such as STORM and/or a very simplified SWMM 
application for numerous events. The average number and volume of over- 
flow events, average pollutant characteristics, and the timing and 
frequency of overflow events might be computed. 

The design stage involves the application of a detailed SWMM 
model for a selected design event, and the detailed assessment of conduit 
capacities, surcharging, storage volumes and controls, treatment processes 
and effects on the receiving waters. 



52 



TESTING RUNOFF MODELS - QUANTITY SIMULATION 

Paul E. Wisner 
James F, MacLaren Limited 



1. WHY TESTING? 

- There is no tradition or long-standing experience with models, 
therefore testing was necessary to provide confidence in the 
models, 

- Testing against measurements was necessary to refine modelling 
techniques during development. 

- There was a need to differentiate and compare the many models 
developed with regard to validity, applicability, advantages/ 
disadvantages, quality of documentation, sensitivity, etc. 

- Some models were calibrated on a few areas but not validated by 
spl i t sampl ing. 

- Some models required debugging, 

2. PROCEDURES FOR COMPARISON WITH MEASUREMENTS [2. 3] 

- Models are tested against measurements of rainfall and runoff. 

- Several sets of measurements covering a variety of physical and 
hydrological conditions are required []] 

- Models are comprised of several distinct components (runoff, 
transport, etc.) which can be tested separately [j] 

- Hydrologic phenomena are more difficult to define than hydraulics 
which can be more accurately represented mathematically. 

- The RUNOFF component is best tested on relatively small water- 
sheds in which hydraulic factors are minimal and hydrologic 
factors can be more accurately defined. 

- The TRANSPORT submodel is best tested on larger watersheds where 
hydrologic variations are damped out and hydraulic effects are 
dominant. 
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3. TESTING SWMM RUNOFF AGAINST MEASUREMENTS [2, 3] 

- Four test watersheds were used - Oakdale, Chicago^ Calvin Park, 
Kingston and Northwood and Gray Haven in Baltimore - for which 
published data was available. Uncalibrated models were used, 

- Peak flows v/ere estimated within i20': in most cases, the time 

to peak was very accurate and the real response of the system was 
well represented [I]. 

- Some of the discrepancy between computed and measured flows can be 
attributed to errors in the measurements, 

- Results are consistently good for practical purposes and calibra- 
tion does not s i gn i f i cant 1 y improve the resul ts. 

if„ TESTING OF OTHER RUNOFF METHODS [2, 3] 

- Other models compared with measurements in the Environment Canada 
study [3] were RRL , UCUR, QUURM and HVM (proprietary). 

- Results indicate that all models can give good results, depending 
on the type of application and SWMM was found to be marginally 
better stat i stlcal ly. 

5, TESTING THE RATIONAL METHOD [2] 

- Rigorous testing of the Rational Method Is not possible because of 
the block storms (uniform intensities) required and because only 
peak flows are generated. 

- The Rational Method was tested against the measurements and it was 
found that errors ranged from +\S'it to -^2%, indicating that this 
method is inconsistent and not always conservative . 

6, TESTING THE SENSITIVITY OF SWMM RUNOFF [1] 

- The sensitivity of the SWMM RUNOFF block computed peak flows and 
volumes was tested for variations in the hydrologic input para- 
meters of 'infiltration, retention depth, ground slope. Manning's 
'n', imperviousness , and width of overland' flow. 



5^ 



- Resuttb in decreasing importance {sensitivity) were: 

1) '>, imperviousness (very sensi t i ve) , 

2) width of overUnd flow, 

3) infi 1 trot ion rates , 
h) retention depths, 

5) roughness coefficients,,, 

6) ground s lope , 

7. TESTING SWMM AGAINST MEASUREMENTS [i] 

- SWMM was tested on the Bannatyne district in Winnipeg, Brucewood, 
North York and West Toronto, 

- The agreement for unsurcharged flows between recorded and computed 
hydrographs is quite good and the response of the watershed is 

wel I represented. 

- The SWMM does not accurately simulate surcharged conditions. A 
more sophisticated routing model is required. 

- Although they were not tested against measurements, a theoretical 
evaluation of the more simplistic routing methods of the RRL and 
UCUR models indicated that they can result in very large errors on 
large systems, 

8, TESTING SWMM TRANSPORT SENSITIVITY [1] 

- The sensitivity of the simulation of peak flow and volumes was 
tested for the length of conduit, the number of segments in a 
given length, pipe slope and Manning's 'n' and also the effect 
of surcharge^ 

- Pipe lengths should be limited to h-SOdO feet but the number of 
elements used in one uniform reach Is quite flexible. As long as 
free flow is maintained, pipe slope variations are not significant. 
Surcharge can have a dramatic effect on peak flows since the hydro- 
graph is truncated at the maximum conduit capacity, 

9. COMPARISON OF MODELS FOR DESIGN CONDITIONS 

- No measurements of design level storms are available for model 
testing. However, the comparisons that have been done indicate 
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that those for the low intensity storms are generally not as good 
as for high intensities. 

- Use of Rational Method can give very different results than the 
model, especially when the system is surcharged. 

- The principal advantage of using the mode! is the possibility of 
considering all the available storm water management techniques 
now available. A great deal more information is provided for 
decision making and selecting between alternatives. 

- The Rational Method should only be used for order of magnitude 
solutions and rough checlcs. 

10. IS SWMM THE "BEST" RUNOFF MODEL? 

- Advantages of SWMM were: 

- better documentation and refinement, 

- continuous updating and widespread application, 

- interfacing with total storm water management package, 

- non-proprietary and readily available, 

- comparison with measurements was as good or better than other 
model s„ 

- SWMM has limitations, which are discussed elsewhere in these 
proceedings. 

- Any model that has been thoroughly tested for similar conditions 
can be used in projects, 

II . TESTING STORM 

- STORM runoff computations were compared against both measured hydro- 
graphs and the SWMM results on the West Toronto and Bannatyne test 
areas [1]. 

- The comparisons indicated that the model gives a fair approximation 
of peak flows and a reasonably accurate prediction of runoff volumes 

- The number of combined sewer overflows measured on the West 
Toronto area was simulated within 10^. 
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12, CONCLUSIONS 

- Testing shows that SWMM predicts peak flows, times to peak and 
total volumes accurately enough for planning applications and most 
design work [1]. 

- STORM should be used in screening studies for simulating the 
volume and number of combined sewer overflows, effects of storage 
and possible reduction of pollution from overflows for a long 
period of records 
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TESTING SWMM ON CANADIAN WATERSHEDS - 
QUALITY SIMULATIONS 

Harold S. Belore 
James F. MacLaren Limited 

1. TEST DATA 

- Good quantity " quality data sets are difficult to obtain and are 
usually incomplete; for example, while hydrographs and polluto- 
graphs of some pollutants may be available, the required data on 
pollutant surface loading, dust and dirt composition and street 
sweeping frequencies, etc= may not be aval lable. ■'- 

- Many factors affect the collection of good quality data Including 
instrumentation problems, sampling location, type of samples 
collected (i.e., composite vs. discrete samples). 

- The collection of quality samples must be synchronized with the 
timing of collection of rainfall and flow Information. Ideally 
all three should be recorded on the same chart but this has 
rarely been done." 

2. CANADIAN STUDY AREAS 

- Data suitable for modelling purposes were selected from a review 
of the various available data sources, ■'- 

- Measurements on the Brucewood catchment located in North York, 
Toronto were made by James F. MacLaren Limited during the period 
197^-1975. 

- Several pol 1 utographs of BOD and SS were available from the 
Bannatyne combined sewer area in Winnipeg. The area is 5^2 acres 
of about equal parts of conmiercial and residential land use. 
Flows were measured using a weir and rainfall was recorded at a 
location outside of the catchment. An automatic sampler recorded 
quality samples for part of each storm event."'- 



"Storm Water Management Model Study", Volume I, Canada-Ontario 
Agreement Research Report No. W] , Sect ion 3. 



58 



- Measurements were also available at the other locations. However 
in some cases only rainfall and flow measurements were available 
{e«g. Kingston, West Toronto); data from some sources were consi- 
dered incomplete for detailed modelling purposes (e.g. East York, 
Montreal); data collected in Halifax were already under study by 
others. The measurements taken at the Malton Airport site were 
studied as part of an assessment of environmental problems. •'■ 

- Fisheries and Environment Canada has recently initiated data 
collection programs in Hamilton and Toronto on 1 76 and 338 acre 
watersheds, respectively. Measurements include precipitation, 
flow quantity and quality, as well as information pertaining to 
snow removal and municipal cleaning practices. Both these data 
sources are potentially excellent sources of runoff data specifi- 
cally oriented towards runoff model ling^" 

3. MEASUREMENT TECHNIQUES 

- Both quantity and quality measurements are required, with good 
time synchronization^ A large number of events should be 
monitored to ensure good data. 

- Automated instrumentation is necessary because many storm events 
occur in off-hours. From experience many factors can cause an 
event to be missed so it is important that the instrumentation is 
set up to monitor a|] events of interest. 

- Some successful monitoring installations required a year or more 
to de-bug procedures and instrumentation and work out the 
mechanics of installing and maintaining equipment. 

- Flow measurements require a control device (weir, flume, etc.) 
for accuracy. The location and installation of weirs etc, may be 
quite difficult. Expedience in location often conflicts with the 
need for good measurements for both quantity and quality. Various 
types of stage measurement devices are available, many with the 
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option of chart recorders or telemetering capability; different 
types are "bubblers", "dippers" or float operated, 

- Automatic samplers should be activated by stage recorder. Different 
types of sampling can be done depending on the requirements: 

- discrete, 

- simple composite, 

- flow proportional, 

- sequential composite^ 

- Rain gauges are of two types - tipping bucket or volumetric (weigh- 
ing) typCo Rain gauges can also telemeter signals or use In-situe 
recorders. This part of the instrumentation usually provides the 
fewest problems although care must be taken in its placement, 

k, PREVIOUS QUANTITY - QUALITY MODELLING STUDIES 

- Previous quality simulations were carried out mainly by the model 
builders, A typical test example of Atlanta is given in the 
literature review. Volume 11"''' = 

- The studies conducted In the U.S. have tended to demonstrate that 
the quality simulations are reasonable^ 

- Data suitable for modelling purposes currently available in the U^S, 
has deficiencies similar to those previously given for Canadian 
data. A data bank of urban storm water runoff quantity and quality 
data is currently being set up and maintained by the University of 
Florida. 

5. MODEL TESTS USING CANADIAN DATA 

A, Brucewood Catchment 

- The Brucewood separate storm sewer system located in North York, 
Toronto drains a ^8 acre residential area of about k7% impervlous- 

ness. 

- Six storms were selected for comparison of measured data with quality 
simulations using SWMM. The results of these simulations are given 
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in Section 5 of Volume I of the storm water management model study 
(Canada-Ontario Agreement Research Report No. ^7). Of the storms 
selected, three had maximum rainfall intensities less than 0.60 
inches per hour and only one had a peak intensity greater than 1,0 
inch per hour, 

- SWMM default values for various parameters were used in the simula- 
tion unless otherwise indicated. In some cases the measured 
pollutant composition of dust and dirt was used, as determined by 
measurements taken prior to the event., 

- The results of the simulations indicated that for low pollutant 
surface loadings, the option ISS=1 (empirical equation) for 
suspended solids calculations gives better results than ISS=0. 

- Improvement in simulations can be made by supplying measured pollu- 
tant dust and dirt composition and accumulation rates if available, 

- Results of the simulations indicated that the pol I utographs 
computed using SWMM are the same order of magnitude as the 
measured valueso 

- Some calibration runs using the Brucewood data were also made using 
the generalized quality model which is described in Chapter 10 of 
Volume I. Typical results indicated that fitting simulated and 
measured pol 1 utographs is possible by modifying parameter values 
and using measured accumulation pollutant composition. 

B. Bannatyne Catchment 

- The Bannatyne combined sewer system located in Winnipeg drains a 
5^2 acre residential and commercial area. 

- Five storm events were considered suitable for simulation. BOD 
and SS were the only measured quality parameters, 

- Preliminary simulations indicated that accounting for the dry 
weather flow contribution to the pollutograph is very important. 
Average DWF values of 5.6 cfs with SS and BOD concentrations of 
558 mg/1 and 391 mg/1, respectively, were used, 

- SWMM default values were used in the simulations unless otherwise 
noted. 



- Simulations indicated that, due to the flat transport pipes, sub- 
stantial deposition of solids simulated in the pipe system and 
washout of these solids resulted in high SS concentrations. Field 
observations noted by engineering personnel in the City of Winnipeg 
have con firmed the occurrence of this, 

- Comparison of total measured and simulated mass of pollutants washed 
off had a fair agreement; pol 1 utographs are compared on figures in 
Section 5 of Volume I. 

SENSITIVITY AS A TESTING METHOD 

- As indicated in Figure 35 on p. lOl, Volume I, the SWMM storm water 
quality simulations arc dependent upon several parameters. The 
relative sensitivity to the quality simulations of the following 
parameters has been examined: 

- the exponent 6 in the exponential washoff equation, 

- the 2 options for computation of suspended solids, 

- the number of dry days and the street cleaning frequency, 

- the catch basin BOD, 

- pipe slopes in the TRANSPORT quality computation, 

- the specific gravity of solids in TRANSPORT deposition and 
scour ca leu 1 at ions, 

- Reference to Figure 36, p. 1 06 , Volume I, indicates the variations 
possible In b under different washoff assumptions. The value of ^.6 
used in the model appears to be a "representative" average. While 
some calibration can be achieved by modifying b, the assessment of 
initial pollutant loads is far more sensitive. 

- The difference In results obtained by using the two washoff equa- 
tions for SS calibrations was found to vary according to differen- 
ces in initial pollution load. For low initial loads the ISS=1 
option gives higher concentrations, and for high initial loads, the 
exponential equation gives more washoff, 

- The initial pollutant loading Is the most sensitive parameter. 

The number of dry days, street cleaning practices and dust and dirt 
accumulation rates and composition all affect this calculation. 
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- Variations in catch basin BOD concentration are important only for 
low intensity storms. 

- When transport pipe scopes are small, the deposition of solids in 
the sewers becomes very Important. Variation in the specific 
gravity of solid particles is not considered to be useful for 
calibration purposes unless local measurements are available. 
Accounting for BOD delay in transport may be important only in 
very large systems. 

- The SWMM quality model responds logically to variations in input 
parameters. 

- The most sensitive parameters are initial pollutant loads. 
7. CONCLUSIONS 

- The state-of-the-art of storm water quality modelling has not 
advanced as far as that of quantity modelling. However, it is 
possible to obtain simulated pol lutographs of the same nature as 
measured pol 1 utographs for both separate and combined discharges. 

- Neither of the options provided in SWMM for SS computations is 
adequate over a wide range of antecedent conditions. When the 
initial pollutant loading is very high the exponential equation 
(ISS=0) will simulate higher concentrations than the empirical 

equation. Conversely, when the initial pollutant loading is fairly 
low, the empirical equation will simulate higher concentrations. 

- More research is required to find a surface washoff equation 
applicable to a wider range ot accumulation values. 

- The SWMM quality model is rather difficult to calibrate, partly 
because certain variables are fixed in the program. When the 
primary concern is surface runoff a simplified approach may be 
justified <^r.d this is considered in a generalized quality tTiodel 
(Chapter 10, Volume I). 

- Initial conditions have been shown to control the quality 
computation; consequently, the initial conditions for one event 
quality modelling should be defined in conjunction with continuous 
long term si niu 1 at i on inode I s . 
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Changes in parameter values are reflected logically in simulation 
results. The quality model in its present stage can be regarded 
as a very useful tool for the comparison of storm water management 
alternatives. 
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LUMPED SIMULATION''; 

Alan R. Perks 
Proctor £ Redfern Limited 



1. GENERAL INTRODUCTION 

- Detailed simulations are relatively expensive, and so is the 
collection and setup of the necessary data. 

- Depending upon the objective of the simulation, it is possible to 
obtain reasonably accurate outlet hydrographs with greatly reduced 
simulation detail, in terms of the numbers of subcatchments and 

pi pes model led, 

- Until recently, little guidance was available on the level of 
detail necessary in any specific modelling instance. 

- Simplified or "lumped" simulation is a planning technique, and is 
not meant to replace detailed simulation^ 

- If only the overall catchment response is required, it may be 
advantageous to adopt a "lumped" approach. If it is desired to 
study the variation in response within the catchment, or to 
examine flow conditions in trunk conduits, a detailed approach is 
cal led for. 

- The "lumped" approach does not take into account the spatial 
variation of the parameters which determine runoff. 

2^ BASIC CONCEPTS 

- Overland flow is determined on each subcatchment as the uniform 
flow velocity times the excess water depth and the width of the 
subcatchment. 

- The parameters which determine the depth and velocity of overland 
flow, such as slopes, roughness, infiltration, etc., can be averaged 
over larger areas and still maintain average velocities. 

- The "width" parameter, however, is a measure of the ease with 
which surface runoff may enter the sewer system, and is a function 
of the drainage conduit density and the spacing of inlets. 



■•'• Refer to "Storm Water Management Model Study", Volume I, Canada-Ontario 
Agreement Research Report No„ kj » Section 9. 



- Therefore, theoretically, whether an area is broken into a number 
of bmali subcatchments or a single large one, the total overland 
flow "width" should be similar. 

- By reducing the width less opportunity for overland flow exists, 
and more excess rain must be stored on the surface of the sub- 
catchment, thus creating "artificial" storage in the system. 

- Artificial storage created in this way may be used to compensate 
for conduit storage that is neglected as fewer and fewer conduits 
are model led. 

- Conduit routing effects, as computed in the TRANSPORT block, are 
determined primarily by the geometric properties of the conduits. 

- Combining several conduits is often necessary, and is best 
achieved by computing average conduit properties. 

- In "lumped" simulations involving only a few, or a single subcatch- 
ment, most of the sewer system must be ignored. 

LUMPING PROCEDURES 



- The basic problem in conducting a simplified simulation is to 
account for neglected conduit storage. Neglected storage results 
in higher peak flows. _ _ = - 

- Two approaches may be used to conduct a lumped, single catchment 
simulat ion. 

- The overland flow width of the single catchment may be measured 
from the detailed drainage system, resulting in a higher overland 
flow peak. An equivalent conduit may be used to attenuate the 
overland hydrograph, and determine the outlet hydrograph. 

- Alternatively, a reduced overland flow width may be used, and no 
conduit modelled at all. The reduced "width" will provide arti fl- 
ea 1 storage which will attenuate the overland flow hydrograph 
directly. A reasonable estimate of this reduced "width" may be 
made by measuring the longest diagonal of the lumped catchment 

be ing model led. 
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- These procedures were tested on several catchments, and a reason- 
ably close agreement was achieved between "lumped" and detailed 

s i mu la t i ons, 

- Surface runoff quality parameters also respond well to lumping, 
with only very small differences between lumped and detailed 
simulations. 

- "Lumped" simulations may be conducted on a given catchment by using 
average values of runoff parameters for the entire catchment. An 
initial estimate of the lumped catchment "width" can be taken as 
twice the length of main sewer conduit in the catchment, when no 
TRANSPORT routing is used. 

- Calibration of the "lumped" model is effected in the same fashion 
as the detailed model. The estimated "lumped" width must also be 
considered to be a calibration parameter. 



MODELLING URBAN SNOWMELT RUNOFF QUANTITY AND QUALITY^ 

Harold S. Belore 
James F, MacLaren Limited 



]. IMPORTANCE OF SNOWMELT QUANTITY 

- The relative magnitudes of peak summer flows and peak spring flows 
from intermediate sized rural basins can vary with return frequency 
as indicated on Figure 1. Depending on size, hydrologi c/hydraul ic 
response and geographic location, the spring flow may be important 
for design purposes. 

- An assessment of spring flow has proven important in cities such as 
Winnipeg and Ottawa. 

- Due to the larger runoff volumes involved (see Figure 2) an assess- 
ment of spring runoff conditions becomes even more important where 
storage ponds are considered either as flood control and/or storm 
water pollution control measures. 

2. IMPORTANCE OF SNOWMELT QUALITY 

- Most previous studies have been directed towards measuring the amount 
of various pollutants found in snow and snowmelt waters. Tables 1 
and 2 summarize the range of various pollutant concentrations found 
in snow at di fferent locat ions in Ontario. 

- A major environmental concern continues to be the quality of snow 
being disposed of and the melt water effects at the disposal site 
and in the receiving waters. 

- The various studies to date have indicated that chlorides and lead 
are the most widespread and serious snow contaminants, although a 
myriad of other pollutants can also be present in smaller concen- 
trations. 

3. SNOWMELT QUANTITY MODEL 

- Considering snowmelt as essentially a heat transfer process, the 
following simplified general equation can be used to estimate the 



" Refer to "Storm Water Management Model Study", Volume I, Section 8, 
Canada -Ontario Agreement Research Report No. ky . 
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TABLE 1. SODIUM AND CHLORIDE CONCENTRATIONS" 





Sodium (mg/kg) 


Chloride 


(mg/kg) 




Arterial Second. Resid, [Xinp 


Arterial Second. 


Resid. Dump Park 


Toronto 




13325 9310 


11840 14 


Ottawa 


2254 981 445 


3321 1607 


990 3965 


Windsor 


3130 3557 489 


4852 5357 


856 


Barrie 


300 61 81.5 


600 94 


126 


Tinmins 


942 234 118 


1476 384 


191 


Belleville 


5115 1579 200 


8114 2674 


339 



TABLE 2., REPORTED SNOW AND SNOWMELT WATER POLLUTANT CONCENTRATIONS 



Pollutant 


Observed Range (mq/1) 


Chloride 


7-15580 


Lead 


0.02-113 


BOD^ 


1.4-84 


Suspended Solids 


1-4020 


Organic Nitrogen 


0.09-4.3 


Nitrate-N 


0.01-1.5 


Ammonia-N 


0.1-0.3 


Total Phosphate 


0.036-3.6 


Sodium 


3.6-9480 


Phenol 


.002-. 125 



Summarized from 1 i terature review, Volume I | , "Storm Water 
Management Model Study", Canada-Ontario Agreement Research 
Report No. ^8. 
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amount of melt; 

M = M +M +M, +M 
n e h p 

where: M = total melt (inches or cm), 

M = melt due to net radiative heat transfer, 
n 

M = melt due to latent heat transfer, 
e 

M. = melt due to sensible heat transfer, 
h 

M = melt due to heat transfer by rain. 
P 

- The numerical equations chosen are summarized on the generalized 
algori thm, Figure 6^, Po 17^, Volume I „ Anderson 's snowmel t 
equation is used for rainy periods and the degree-day equation is 
used to model the total volume of melt during non-rain periods. 

- Modifications to the SWMM RUNOFF block have been made which allow 
the user to specify additional snow-covered pervious and impervious 
catchments, 

- The distribution and amount of snow cover is assumed to be known 
prior to the simulation of the event. The user must specify a 
temperature sequence for the event. 

h, SNOWMELT QUALITY MODEL 

- The literature review indicated that there were no suitable snow- 
melt quality models available for integration with SWMM. In the 
absence of specific information concerning the nxjdelHng of snow- 
melt quality, the general exponential washoff equation currently 
used In SWMM was adopted. 

- In addition to the pollutants normally modelled, lead and chlorides 
were added. The initial amount of lead is computed in the program 
by specifying an accumulation rate in terms of pounds per 100 ft of 
gutter per day. It is assumed that the initial amount of chlorides 
applied for various catchments can be estimated from municipal 
salting records or estimated salting rates and input to the model. 
(See Table 3, for example). 
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TABLE 3o SALTING RATES IN ONTARIO'"^ 



Population Density Rates of Salt Application 

{per sq. mile) (lb per app. per lane-mile) 



Less than 1000 75 - 800 

From 1000 to 5000 350 - 1800 

More than 5000 ^00 - 1200 

^ Summarized from M.O.E. "Municipal Snow QuaJity Study" (1972) and 
"Results of Municipal Snow (JuaMty Study" (1973). 

5. TESTING SNOWMELT QUANTITY AND QUALITY SIMULATIONS 

- Very little data suitable for model testing of snowmelt quantity 
and quality relationship is available for urban watersheds. At the 
present time, a data collection effort is being sponsored by 
Fisheries and Environment Canada to provide quantity and quality 
data for rain on snow events. 

- A few low-intensity runoff events were monitored during the winter 
of 197^"I975 from the Brucewood catchment located in North York, 
Toronto. Simulation results were compared to measured values for 
the event of March 12, 1975. Peak flows were only about 1 cfs but 
the measured and computed values were of the same general nature, 

- Figure 66, p. 183, Volume I, shows the hypothetical results of a 
higher intensity storm on a deeper snowpack (2.5 inches water 
equivalent). The simulation results indicate that the model is 
working as expected and also demonstrate that even for higher 
intensity rainstorms the snowmelt component can account for a 
significant portion of the hydrograph, 

- Figure 67, p. 185, Volume I, shows a simulation result compared to 
hydrograph measured from a portion of Mai ton Airport. The results 
Indicate a reasonable simulation. 



m 



6. CONCLUSIONS 

- Snowmelt quantity and quality models have been developed and inte- 
grated with the SWMM RUNOFF block. Preliminary testing indicates 
that the irodels are working as expected, 

- More measurements of high intensity snowmelt and rainfall plus 
snowmelt runoff events are required In order to completely verify 
and test the njodels. 
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THE SWMM STORAGE/TREATMENT SUBMODEL - RELATIONSHIPS 
FOR QUALITY S IMULAT I ON;-'' 

Phi 1 ip Dick 
Proctor & Redfern Limited 

1. INTRODUCTION 

The objectives of the Storage/Treatment block are to provide the 
capability of modelling a considerable number of alternative sewage 
treatment processes and to restrict certain process combinations 
which are deemed inadmi ssable ; to simulate improvements in overflow 
quality produced by each component of the selected combination of 
treatments; and to summarize data required for the estimation of 
treatment costs for the programmed installation. 

2. DESCRIPTION OF THE STORAGE/TREATMENT BLOCK 
§»; Broad Description of Storage 

- Two different types of basins may be modelled, namely Irregular, 
which normally corresponds to types associated with damming up a 
valley, or geometric, which normally corresponds to man-made basins 
of concrete or other suitable materials. 

- These two types of basins may have Inlet/outlet controls in the 
form of weirs, pumps, orifices, or any other number of such 
control s. 

- With this selection of basin types and controls, the storage system 
may be on or In-line with the stream of flow, or placed to the side 
of the stream of flow and filled and unfilled at appropriate 
intervals. This later type Is considered off-line storage. 

- To provide even greater flexibility so as to model the In-situ 
conditions as realistically as possible, the flow regimes of plug 
or completely mixed may be selected. 



Refer to "Storm Water Management Model Study", Volume I, Section 7, 
and Volume II, Section 7, Canada-Ontario Agreement Research Reports No. 
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B, Broad Description of Treatment 

- The basic treatment concept that is iterated in all but a few 
treatment options is solids removal. These treatment options are 
bar racks, dissolved air flotation, fine screens, etc. with the 
effective efficiency removal of "x" Z respectively. The selection 
of treatment options are stepped from the most "inefficient and 
crude" treatment to the most sophisticated (bar rack versus micro- 
strainers). Each treatment option has its benefits and disadvant- 
ages. 

Each of the above units provides some degree of BOD reduction due 
to the removal of the solids. Some solids contain organics that 
may, in one form or another, be utilized by certain organisms 
resulting in reduction in the receiving water body. 

- BOD removal is primarily accomplished in only one treatment 
option, namely biological treatment. Removal of soluble BOD is 
efficiently accomplished by microorganisms that must be removed by 
settling operations. Application Is limited due to the 
requirement that living organisms be returned to the aeration 
basin to continue the high level of substrate transformation. 
Cyclic operation as required or dictated. by storm wastewaters is 
not conducive to this option. 

- The final "treatment" the waste stream receives Is chlorlnation 
for the destruction of pathogenic organisms. Two options are 
available for this, namely, normal chlorinatlon or high rate 
chlor inat ion. Note that no BOD reduction occurs in this process. 

C. Broad Description of Cost 

- Capital cost for storm water treatment facilities Involved adjus- 
ting STP cost curves developed in the U.S., and utilizing cost 
figures, estimates of equipment, and installation costs to develop 
the new Canadian cost curves. 

- Maintenance and operating cost figures were not changed due to the 
lack of any significant information on this area. It must be 
noted that pilot systems do not give a true picture of expected 
costs. These are normally installed only on a temporary basis 
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with government personnel. In the future, these facilities will 
be permanent and installed by a contractor. Costs will rise. 

3. COMPUTER ASPECTS OF STORAGE/TREATMENT BLOCK 

A. The major subroutines that perform the base calculations are 
TRTDAT, STORAG, TREAT, TRCOST, STRDAT, STRAGE. These sub- 
routines perform the following functions: STORAG - coordinates 
program for all water and pollutant movements through the 
storage and treatment facilities modelled, TRTDAT - etc. 

B. The minor subroutines support the major routines and are SPRINT, 
TRECHECK, BYPASS, TRUNK, KILLSEDIM, HIGHRF, STROUTE , PLUGS. 
INTERP. These subroutines perform the following functions: 
TRCHECK - called by subroutine TRTDAT to check the specified 
treatment options for inadmissible or uneconomical combina- 
tions, SPRINT - etc. 

C. There are 2k data cards that must be (maximum) coded, in con- 
junction with the rest of the model, in order for the model to 
function properly. Rather than list all here at this time, the 
cards that have significant impact on the output from the model 
are: Execution Control Data, Treatment Control Data, Print 
Control Cards, Flow Design, Cost Data. Cost Index. The limita- 
tions for each set is as follows: ... The remaining cards are 
easily coded by the directions in the user's manual (Volume 
III, Research Report No. 62). 

h. DISCUSSION ON SOME APPLICATIONS 

A,, The need for this entire model came to be because of the growth 
of our country and the subsequent urbanization of certain areas 
with subsequent pollution to our watercourses. Only typical 
characteristics and ranges of pollution discharged to our 
receiving water bodies are known. 

1* Early solutions to storm water problems were, "no solution". 

just discharge. Then it became fashionable to combine the two 
waste streams (storm and sanitary) and treat what was possible 
in a domestic STP , with overflow to the receiving water body. 
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Now it is popular to provide separate sewer systems and treat 
only one. The future now might indicate resorting to combined 
sewer systems again and treatment of overflow. The Chicago 
Project, probably the most daring for its time, combines 
storage of combined sewers systems and treatment by STP. 

C. The importance of storage cannot be over-emphasized. Not only 
does it provide a treatment by solids removal, but attenuates 
flows to reduce size and costs of treatment facilities. Uses 
have not been limited to upstream and downstream storage. Land 
practices have also reduced flows, for example, porous parking 
lots. 

D,: Model limitations occur in the treatment equations and the 
storage routine. The treatment options are based on steady 
state conditions (by their averaging) with little significant 
data. The storage routine should be, and is being, completely 
rewritten to reflect more practical application approach. The 
future of modelling is that it will play a significant part in 
the selection of the most economical solutions to storm 
wastewater treatment. As more new facilities are built, and 
the more significant testing, data, and data analysis occurs, 
the more reliable the models become. Presently, these models 
must be used with the best engineering judgement available, as 
an aid, not as the sole decision tool. Note, only BOD, SS and 
coliforms are the indicating parameters for measurement of 
pol lut ion. How good is the treatment /storage routine? Before 
this can be answered, Andy Roalce will discuss the receiving 
water body model. Only after this is evaluated can we make a 
dec is ion. 
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RECEIVING WATER MODELLING - THE RECEIV SUBMODEL^' 

Andy F, Roake 
James F. MacLaren Limited 



BACKGROUND 

- One of the principal reasons for modelling quality of urban storm 
flows is to quantify the amounts of pollutants reaching the 
receiving water. 

- The flow rate/size and temperature of the receiving body control 
its capacity to assimilate a certain pollutant. The desired range 
of uses for the water determines how much of the assimilative 
capacity can be used. These factors decide the degree of treatment 
of various pollutant sources required. 

- Some pollutants break down to harmless chemicals or become biologi- 
cally stabilized in time. These are called non-conservative ; an 
example is BOD. Conservative pollutants remain in a potentially 
harmful form for long periods of time. Heavy metals are an 
exampl e. 

- We are normally interested in studying the effects of non-conserva- 
tive pollutants over a short period, i.e. until they break down to 
a harmless substance. We may also be Interested, if studying a 
flowing system, in Identifying the distance from the discharge 
where the maximum effect occurs (an example is the point of 
minimum dissolved oxygen in 3 river receiving a BOD discharge). 

- When studying substances that don't break down rapidly, we have 
to consider the effect of their accumulation over a long period. 
This means we are interested in, say, annual loads rather than 
Isolated peak concentrations. 

- Also we must consider where -.nese conservative pollutants end up. 
If our discharge Is to a river, do they settle on the bottom, or 



Refer to "Storm Water Management fodel Study", Volume I, Section 6,2, 

Canada-Ontario Agreement Research Report No. kj . 



are they carried to a lake downstream? What is the ultimate 
receiving water body and what effect will long term accumulations 
have there? 



Recei ving 
Water 



BOD 



Suspended 
Solids 



Heavy 
Metals 



Nutrients 
(N and P) 



River 

Lake 

Estuary 



I 



(3) Very important 

(2) Moderately important 

(I ) Minor importance 

{-) Not usually significant 



2. MODELLING 



- The type of receiving water body under consideration often 
determines the type of model required. It should be noted that the 
transport of pollutant by the bulk movement of the flow is usually 
the most important transport mechanism. Consequently, as in the 
sewer system, an accurate determination of flow patterns is 
necessary for an accurate picture of pollutant transport. 

- The available nx)dels are normally classified according to the 
number of dimensions in which the flow velocity may change: 




Water Body 



-D 



Bo 




< 



2-D 



t 2-D 



3. SWMM RECEIVING MODEL 

- The SWMM model is of the node and channel type. Nodes are assign- 
ed characteristics of vo)ume, surface area, depth and water eleva- 
tion. These ^re all averaged over the nodal area. Nodes are 
connected by channels. Both 1-D series of channels and pseudo 2-D 
networks are allowed. 

- The equations of motion (in 1-D) and continuity are solved (expli- 
citly) at each time step. Once the flow patterns have been estab- 
lished, the conservation of mass is solved to determine pollutant 
concentrations at nodes. 

- Because of the node and link representation, the model is very 
flexible and requires relatively small amounts of input data. 
Severa 1 downst ream and open water boundary conditions are possible- 

downst ream head relationship (dam), 

tidal boundary, 

specified overflow, 

or some combinations of these. 



- Since the model is 1-0, it is expected that It will give most 
accurate simulations when the l-D assumption is valid. For a 
large number of river and estuary configurations, SWMM will be 
sufficiently accurate for planning purposes. 

- The model should not be used in situations where the main pollu- 
tant transport mechanism is not the bulk motion of the flow. In 
particular, the model is not applicable to diffusion controlled 
reactions, e.g. finger fill canals, 

- Since there is little natural inflow, diffusion is the main 
transport mechanism. 

Handout 

1. Orlob, G.T., "Mathematical Modeling of Estuarial Systems", a paper 
presented at the International Symposium on Mathematical Modeling 
Techniques in Water Resources Systems, 1972. 



DATA ANALYSIS MODEL^'^ 

Les Pataky 
Proctor S Redfern Limited 



1 . DATA REQUIREMENTS OF THE URBAN RUNOFF MODELS SWMM AND STORM 

- Both programs attempt to model the real physical processes 
involved with the runoff phenomena and, require extensive data input 
and preparation. 

- Calibration of both models is important, requiring records of both 
the outflow hydrograph (and pollutograph if quality is to be 
modelled) and the input rainfall records for particular storm 
events. 

- Long-term simulation will require the preparation of many years of 
ra infa 1 1 data . 

- Often several gauging stations may be close to a given study area 
and the records from each may be used to obtain a weighted rainfall, 
thereby accounting for the spatial variation of precipitation, 

2. AES DATA BANK 

- The Atmospheric Environment Service (AES) of Fisheries and Environ- 
ment Canada holds virtually all cl i matological data collected in 
Canada, which have been machine-processed since about 1950. 

- Data is available from them in the form of punched cards or 
magnetic tape, 

- Twenty-one different data formats or "card types" are presently 
used by the AES to summarize the measured daily data. 

- Card types 3 ^nd h contain the hourly precipitation data and 
temperature data required for urban runoff modelling. 

- Short interval precipitation data has not been digitized into the 
bank but must be obtained from photocopies of the original 
tipping bucket records. 



■'■ Refer to "Storm Water Management Model Study", Volume I, Section 12, 
Canada-Ontario Agreement Research Report No. ^7- 
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- Certain quality control procedures are used by the AES to check 
the data for accuracy, completeness and random errors. 

3. DATA ANALYSIS MODEL - INTRODUCTION 

- This model was developed to reduce the time, cost and tediousness 
of transforming the data available from the AES to a form suita- 
ble for STORM and SWMM. 

- Features of the model include data screening for faulty data, 
line printer plot of temperature, records mass analysis of 
precipitation data, the facility to combine the records of 
several gauges, double mass analysis, and storm summaries for 
individual or combined rainfal 1 records. 

- The model is made up of three separate programs which may be used 
individually or In combination to perform the desired operations. 

- Input or output may take the form of cards, magnetic tape or disc 
storage, 

k, PROGRAM I: DATA BANK PROCESSING (DBF) 

- The function of this program is to screen the type 3 snd type ^ 
AES data and to produce a data base for long-tern simulation by 
STORM „ - - 

- Beyond the AES data only minimal user-defined control cards are 
required to operate the program, 

- Type k precipitation data is used to complete the precipitation 
data in cases where type 3 data are faulty or unavailable, 

- Interruption of program due to title cards and faulty data within 
the AES types 3 and k data has been prevented by a data checking 
routine. This routine reads the AES data in alpha mode and 
converts the data to the appropriate numeric form as well as 
discerning overpunches and Invalid data. 

- A plot feature is available which permits a quick visual inspec- 
tion of the processed temperature file. 

5. PROGRAM II: RAINFALL ANALYSIS PROGRAM (RAP) 

- The function of the Rainfall Analysis Program is to combine the 
rainfall records of two or nx>re gauging stations into a single 
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record based on user-supplied weighting factors. 

- These weighting factors may be calculated by any method. (i.e. 
Theissen Polygon, Arithmetic Weighting, Distance Weighting), 

- A mass curve for precipitation is plotted for each gauging 
station after processing. 

- Double mass analysis may be used to check the consistency of a 
gauge record by comparing its accumulated precipitation record 
with the concurrent accumulated average values for several sur- 
rounding stations. This feature of the program also takes the 
form of a line printer plot. 

- A storm summary of the combined precipitation record is also 
available based on a user-supplied storm definition. 

6. PROGRAM 111: SHORT INTERVAL RAIN DATA PROCESSING 

- This program has been developed to accept digitized rainfall 
records in any units of rainfall, amount, and time, and to com- 
pute the weighted average of several gauges, as well as punching 
the resulting hyetograph in any specified time interval. 

- The weighting procedure for gauging stations is the same as in 
RAP. 



SELECTION OF MODELS FOR URBAN DRAINAGE PROBLEMS: 
TECHNICAL ASPECTS AND NON-TECHNICAL CONSTRAINTS 

Paul E. Wisner, Adel F, Ashamalia, and Patrick A. Ahern 
James F, Maclaren Limited 

INTRODUCTION 

Several recent studies have indicated the existing gap between 
available modelling capability in urban drainage and the current status of 
the application of models in practical problems [1,2]. In the past, most 
drainage projects have been approached as straightforward conduit design 
exercises, i.e. sizing of storm sewers or open channels to convey design 
flows from the particular study area. The Rational Method, attributed to 
Kuichling in 1889, is presently the most used method for calculation of the 
design flows. The limitations of this method, which can be regarded as a 
very simplistic model, have long been recognized and are explained in recent 
publ icat ions [2,3] • 

Within the last fifteen years, considerable effort has been 
directed towards improved representation of urban ra infa I 1 -runoff processes 
through development of hydraulic models for overland flow and conduit flow 
routing. A recent study by Brandstetter describes and compares 25 such 
models having varying degrees of sophistication, including capability for 
simulation of water quality [h] , Some of these models are presented in 
Table 1, and many of them have been shown to provide a better estimation of 
storm water flows than the Rational Method [3]. 

Although some models have also been used widely to assist In 
evaluation of storm water management alternatives, not all practising 
engineers are convinced of the advantages of the new simulation methods now 
available. Implementation of urban drainage modelling may require a 
significant effort in training municipal staff and in analysis of drainage 
alternatives. Experience has shown that the argument of a somewhat improved 
flow simulation does not pro vide a sufficient advantage to justify the costs 
of mode 1 implementation. On the other hand, large scale dpplic.ition of 
computer models by municipalities in other problem areas, such as analysis 
of water distribution networks, indicates that the engineering profession 
will accept new modelling technologies if the advantages are clearly 
demonstrated . 
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TABLE 1, MODEL CHARACTERISTICS [l6] 
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PROBLEMS IN URBAN DRAINAGE HODELLING 

The gap between the state of the art of modelling and the 
methods used in practical applications is reasonsbly common to other 
areas in water resources. One of the causes, as indicated by McPherson 
[5], is that most of the studies are concerned with the improvement of 
tools rather than with the solving of problems. Another cause is that 
many attempts to use new models do not follow some of the basic rules of 
model implementation, discussed by Biswas [6], such as: 

1. Start with a simple model and keep it simple. 

2. In general, it Is worthwhile not to build generalized 
all-purpose models. 

3. The chances of a model being used are greatly advanced If good 
documentation is available. 

4. Modelling and data collection process should proceed In 
para I lei . 

Various problems associated with implementation of drainage 
modelling techniques have been discussed by Walesh [1], principally: 

K There is a lack of reliable data concerning the cost of 
application of existing models and the costs of associated 
activities such as data collection and preparation. 

2. The additional benefits resulting from model application have 
rarely been assessed, so the value of modelling has not been 
established on a cost-benefit basis. 

3. Many existing models cannot be practicably used by small 
consulting firms or small government agencies because of lack of 
staff members, low probability of repeated model uses, and other 
factors^ 

While many studies have been concerned with the description, 
testing and comparison of the models listed In Table 1, it is felt that 
for a practising engineer, the important decision is whether to use the 
Rational Method or a more sophisticated hydrograph method Incorporating, 
for example, some form of flow routing. Based on the experience of 
several Canadian studies on model testing, and many model applications in 
different drainage problems [7] (see Table 2), this paper will attempt to 
outline some of the technical and nontechnical considerations for selection 



TABLE 2. COMPARISON OF SWMM AND RATIONAL METHOD FOR TEST CATCHMENTS 



Oc 



Catchmen t 

Oakdale Ave. 
Chicago 

Gray Haven, 
Baltimore 

Calvin Park, 



u) Kingston 



Impervi- 
Area ousness 
;acres) {%) 



12.95 



23.3 



89.4 



17 



No. of 

Storms Parameter 



Rational Method 



X 



cr 



\ 



SWPM 



45.8 14-17 Peak discharge 1.40 0.58 46 1.08 0.20 19 



10-14 Peak discharge 0.91 0.22 20 1.18 0.22 



19 



10-13 Peak discharge 1.63 0.28 63 1.20 0.22 28 



A is the mean ratio computed/measured of the parameter. 
or is the standard deviation of the individual values about. 
£ is the mean absolute percentage error. 



between the two basic techniques in urban drainage - the Rational Method 
and Hydrograph Models. 

URBAN RUNOFF MODELS 

The Rational Method, which is the simplest runoff model , calcu- 
lates peak storm water runoff rates according to the following formula: 

U = Ci A 
ave 

where; Q is the peak runoff rate (cfs) , 

A Is the tributary drainage area (acres) ^ 
i is the average rainfall intensity (in/hr) for the time 
of concentration, 
and C is an empirical runoff coefficient. 

The properties of this method have been outlined in previous 
studies [2, 3] , and only the major limitations in practice are stated 
here: 

1. The runoff coefficient does not property account for antecedent 
conditions, losses during the rainfall event, and in general all the 
physical factors affecting runoffs 

2. The method considers sewer flow routing in a simplistic manner 
through the time of concentration concept. Non-uniform, unsteady 
flow in sewers, surcharge and interconnected networl<.s are not 
accounted for= 

3. A complete runoff hydrograph Is not developed so the method is 
unsuitable for the design of drainage systems incorporating storage. 

Since i960, efforts to improve runoff estimation have resulted 
in a proliferation of urban runoff models, most of which contain separate 
modules for generation of surface runoff hydrographs and flow routing 
through the sewer system. An example of a comprehensive model extensively 
tested in the U.S. [8], Canada [9], and Australia [10] is the U.S. EPA 
Storm Water Management Model (SWMM) . An overview of the model is presen- 
ted in Figure K There are several versions of this model, the most 
recent one incorporating a more sophisticated sewer hydraulics routine 
developed by Water Resources Engineers, Inc. (WRE) . Backwater effects 
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through the sewer system and surcharge conditions are accurately simulated. 
The routine can also handle interconnected sewer networks and submergenc e 
of outfalls by the receiving water. The SWMM contains an optional hydrau- 
lic design routine by means of which conduits are sized to accommodate the 
computed flows without surcharge. Hence, the model may be applied directly 
in sewer design studies. 

The SWMM has recently been studied and tested for the Urban 
Drainage Subcommittee of the Canada-Ontario Agreement [9], and the 
comparisons with the Rational Method will be confined to this model. 
However, similar results could be obtained with other methods, and the 
reader is referred to Brandstetter [^] for a comparative evaluation of 
the different models. Also, the paper will consider directly only flow 
quantity aspects, but It is pointed out that correct hydrograph 
simulation is a prerequisite for many quality control aspects [9]. 

COMPARISON OF METHODS FOR FLOW SIMULATION 

The most commonly discussed advantage of hydrograph methods is 
the increased accuracy of flow simulation using a model which can be 
calibrated and validated by means of measurements. The Rational Method 
cannot be accurately calibrated since the runoff coefficient varies 
during a runoff event. The runoffs predicted by the Rational Method and 
SWMM are compared against measured flows in Figure 2 for two test 
catchments [3]. Results from several catchments have shown that the 
Rational Method gives inconsistent estimates of peai< flows, either larger 
or smaller than measured flows, according to antecedent conditions, shape 
of the watershed, and the pipe system characteristics. Similar 
inconsistencies have been demonstrated in another study which compared 
frequency curves based on measurements with peak flows estimated with the 
Rational Method [11]. 

Generally, the measured flows are for low intensity storms 
which did not surcharge the sewer system. When surcharge occurs, for 
example, during the design storm in some existing systems, the Rational 
Method cannot adequately predict the system performance because the 
assumption used In the development of the time of concentration breaks 
down when any type of In-system storage is used. However, a model such 
as SWMM-WRE which correctly simulates the hydraulic conditions under 
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surcharge will provide an accurate assessment of the system response. 
Figure 3 shows that the peak outflow from a 171-acre area in which the 
sewer system was slightly surcharged (generally less than 1 foot) was 40 
percent less than the Rational Method estimate. In Figure 4, the 
hydrograph from a surcharged area of 820 acres in Winnipeg is compared 
with the hydrograph based on re-sizing existing pipes for free-flow 
conditions^ These results indicate that use of the Rational Method may 
lead to substantia! errors under surcharge conditions. 

COMPARISON OF METHODS FOR DESIGN APPLICATION 

There are certain applications in urban drainage for which the 
need for sophisticated modelling techniques has clearly been established. 
These applications relate mainly to pollution control studies such as 
real time control of trunk sewer systems to limit combined sewer overflow 
from large metropolitan areas, comparison of combined sewer separation 
with storage/treatment of overflows, etc. However, the large majority of 
drainage studies are concerned with simpler applications such as master 
drainage planning, design of storm drainage systems for new subdivisions, 
design of trunk sewers and relief of overloaded systems. It ts in these 
areas that the advantages of models have yet to be ascertained. 

Analysis of Existing Sewer Systems and Design of Relief Alternatives 

The traditional approach to analysis of overloaded sewer 
systems has been to compare the design flows estimated by the Rational 
Method with the full-flow capacities of existing pipes. The pipes which 
are under surcharge are identified, but it is not possible to determine 
whether the degree of surcharge is acceptable. With analysis methods 
such as SWMM-WRE, water levels are determined throughout the system. 
These levels are then compared with safe levels, e.g. basement elevations 
in a combined system, to identify the locations of existing system 
inadequacies. The advantage of this information is that it Is possible 
to identify priorities in the design of relief sewers, mainly in defining 
the staging of investments between laterals and trunk sewers. 

The capability of SWMM-WRE to account for cross-connections, 
which redistribute surcharge as indicated In Figure 5, can be utilized to 
design economic relief systems based on interconnecting sewers or cut-off 
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sewers. This approach in a combined sewer district of Winnipeg yielded a 
cost saving of 60 percent over traditional methods [12]. The allowance 
of a small surcharge represents a management technique to better utilize 
in-line storage so that substantial reductions in pipe size are possible. 

Detention Storage 

Other types of storage may also have substantial economic 
benefits. Figure 6 indicates the effect of temporary ponding on the roof 
and parking lot of a shopping centre on the outflow hydrograph. The 
reduced outflow may satisfy the maximum allowable inlet requirement for 
an existing drainage system or can provide size reductions for a new 
system. The incorporation of storage ponds in drainage systems for new 
subdivisions, as shown schematically in Figure 7, can have aesthetic and 
environmental benefits as well as economic advantages. For this particu- 
lar situation, the peak flow for a development of 61 acres was reduced 
from 220 cfs to 20 cfs. Similar results could be obtained by a holding 
tank. The volume of storage determined by SWMM was 20 percent smaller 
than that determined by an approximate method [13]. Since the 
development of runoff hydrographs is required for evaluation of storage 
alternatives, the models have definite advantages for these 
appi icat ions. 

Master Drainage Planning 

In the area of master drainage planning, criteria are being 
developed to limit the environmental impacts of drainage. These criteria 
generally require that the runoff increase resulting from urbanization be 
minimized and that the pollution from urban runoff be controlled, Compari 
son of runoff hydrographs before and after development and simulation of 
pollutant washoff will be required to provide the necessary information. 
Clearly, this type of study is possible only with the use of hydrologic 
models. Modelling was used in a master drainage study of a ^,000 acre 
urbanizing area upstream of Metropolitan Toronto. Studies for a 
sub-watershed led to the recommendation of two storage ponds, with total 
area of about 10 acres, which will reduce the post-development runoff 
rates from a large part of the area from 2,100 cfs for a 25 year storm to 
pre-development rates of 63O cfs. Drainage models of new areas under 
development may also be applied and refined as part of the total urban 
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planning process to compare the effects of different land use alterna- 
tives [U]. 

Flow Simulation for Trunk and Interceptor Sewers 

The capability of nxjdels to reproduce routing conditions is 
best utilized in simulation of flows in the trunk sewers and interceptors 
of large drainage areas. In a recent application in Canada [15], it was 
possible to nradel the flows in the major lines of a combined sewer system 
for 11,000 acres, accounting for significant surcharge, interconnections, 
diversion structures and overflows. The Rational Method was an unsuitable 
tool for analysis of this complex system and in some locations, the method 
would lead to order-of-magni tude errors in flow estimation. The modelling 
study led to significant savings by identification of problem areas and 
recommendations for flooding control by relief of lateral sewers and 
pollution abatement by real-time control of trunk and interceptor sewers. 

The above examples are intended to demonstrate the potential 
economic benefits of using modelling techniques in conjunction with 
modern concepts of storm water management. Although other examples have 
been given, there is at present a lack of reliable information concerning 
all the benefits of modelling relative to traditional approaches for a wide 
range of applications. It Is considered that a systematic study is 
required to ascertain these benefits, so that practitioners may have a 
clear picture of the value of modelling. 

CONSTRAINTS IN MODEL APPLICATIONS 

An important problem in the selection of new models versus 
traditional techniques is the cost or modelling. In a drainage study 
utilizing models, many activities such as data collection, development of 
alternatives and report writing generally cost little more than in a 
study where the analysis Is based on the Rational Method. The following 
table gives coarse estimates of study costs (both the total cost and the 
cost of modelling) for different types of drainage studies. 

If an average capital cost of $5,000 per acre is assumed for storm 
drainage, the following estimates indicate that the cost of modelling is ge- 
nerally less than 0.2 percent of the capital cost. The examples presented 



l&l 



Study Cost ($/Acre) 
Total Model 1 i ng 



1, Master drainage plan for small 
commun i ty (5000 persons) 

2, Preliminary master drainage plan for 
large new development (^000-5000 
acres) 

3^ Detailed analysis of relief sewers 
for sewer districts {200-1000 acres) 

h. General analysis of trunk sewers for 
a large city (10,000 acres). 



8-22 



^-6 



20-35 



^-6 



5-i 



2-3 



6-10 



2-3 



in previous sections (Figures 3, ^, 6 and 7) demonstrate that some storm 
water management alternatives may provide significant reductions in 
design flows. Experience in a range of studies has indicated that the 
reduced design flows lead to significant savings In capital costs, so 
that the return from modelling is substantial. In certain cases when the 
modelling costs are higher than shown above, e.g. detailed analysis of 
several alternatives for a small drainage area, the extra costs are 
just i f ied through increased returns. 

The above cost estimates are intended as guidelines based on 
previous experience in modelling studies. They assume staff expertise, 
computer accessibility and other facilities that might be present only in 
specialized groups. When an organization is investigating implementation 
of models, recovery of the front-end costs over a number of future 
projects must be considered. 

The cost of training staff Is related to the object of training. 
Most potential users are interested in a basic understanding of modelling 
principles, selection of models, and monitoring of studies performed by 
specialized groups such as consultants. Seminars organized by the Canadian 
Urban Drainage Subcommittee and the U.S. Environmental Protection Agency 
have covered most aspects of modelling, including numerical examples, In 
three to five days. Experience with municipalities such as Winnipeg and 
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Edmonton has shown that staff engineers can conduct independent modelling 
studies after working jointly with an experienced team for several 
months. 

It seems, therefore, that the total cost of model implementa- 
tion in urban drainage need not be excessive. Many of the difficulties 
in model implementation have probably resulted from violation of the 
rules proposed by Biswas (see Introduction). In particular, the 
promotion of many models may be confusing to those involved for the first 
time in these activities. In some of the recent studies sponsored by the 
Canadian Urban Drainage Subcommittee, the writers and those associated in 
this work have attempted to follow some of the rules [7, 9]. The most 
recent study was concentrated on SWMM, which was simplified to meet user 
needs and constraints by development of coarse modelling approaches and 
independent quality routines. A hierarchical procedure of interfacing 
the simplified STORM model used for screening of drainage alternatives 
with SWMM was proposed and demonstrated. The models were also tested on 
Canadian watersheds and documented in a user's manual [9]. 

CONCLUSION 

Comparison of urban runoff models with the Rational Method must 
be based not only on accuracy of flow simulation but also on the scope of 
drainage studies offered by the different methods. For example, if the 
Rational Method Is used in the drainage system design for a new 
development, the designer is limited to a traditional concept of pipes 
sized for free-surface flow and rapid removal of runoff without 
consideration of downstream runoff increases and environmental effects. 

However, if the design is oriented towards management of runoff 
considering retardation, storage, etc. in order to develop a drainage 
system which is both economical and environmentally sound, modelling is 
required to assist the designer in determining the best solution. 

While recent activities by different agencies, municipalities 
and consultants have led to implementation of runoff models as tools for 
practical solution of urban drainage problems, further effort is required 
to improve the availability and effectiveness of modelling techniques at 
all levels of engineering practice. Efforts to remove the nontechnical 
constraints to further model Implementation should include Identification 
and documentation of the benefits and costs of modelling, the require- 
ments for staff training and organization of technical assistance. 
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RUNOFF BLOCK 
WORKSHOP 



STEPS IN SETTING UP A COMPUTER SIMULATION 

1. Select model best suited to application. 

2. Obtain required data: 

- accurate rainfall records, 

- details of physical system, sewer plans, 

- hydrologic characteristics (imperviousness , infiltration, etc.), 

- additional data sometimes useful or necessary: 

- topographic mapping, 

- aerial photographs, 

- land use plans, 

- field inspection or measurements, 

- construction drawings (special structures) , 

3. Establish degree of detail required or possible: 

- minimum pipe size, 

- computer storage, 

- design or planning, 

k. Define drainage boundaries and inlet locations according to criteria 
in Step 3, 

- Set up logical numbering system. 

5. Prepare pipe and subcatchment data according to model input 
requi rements : - 

- impervlousness, 

- areas, widths (SWMM) , 

- surface slopes, 

- conduit lengths, diameters, slopes, 

- quality data, erosion, etc. 

6. Code and keypunch data. 

7. Carefully check data, test runs. 

8. Begin production runs. 



METHODOLOGY OF PREPARING DETAILED SUBCATCHMENT DATA 



A. 



IMPERVIOUSNESS 



IMPERVIOUS AREAS: 



PERVIOUS AREAS 



- paved streets and laneways, 

- paved driveways, 

- directly connected roofs. 

- unpaved surfaces, 

- roofs and paved surfaces which drain onto 
adjacent pervious surfaces. 



COMPUTATION OF IMPERV lOUSNESS : 



STREET AREA 
DRIVEWAY AREA 
ROOF AREA 



avg. width x length. 

avg. surface x no. of driveways, 

avg. surface area x no. of roofs. 



B. OVERLAND FLOW WIDTH 




Avg. Length of overland flow 

path is measured. 

width 



avg. length L^ 
total area A 



(PROGRAM ALGORITHM ASSUMES ALL 
SUBCATCHMENTS ARE RECTANGULAR.' 
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Li 


_2, 


J.-i 


b 


G 7 6 3 10 


11 i; n 


1-1 1', 


jG 


17 iai;)2u 


?1 Z??3 7'. 2i?:i27 ;;K.-"l3Ct3; 32 33 3a 3'j 


3l)37.ifi39 40 


41 4213 -1445 


4b474a49 SO'SI S2 63 &4 55 


5G 57 58 53 GO 


61G2G3 64 65^667 68 69 7Q 


71 72 73 74 75 


7677 78 79 80 1 



GENERAL PURPOSE DATA FORM 

T^fkf4<>P0(- X 3wOCl< DATA IMP.'JT" 

' I ? I ■ '-■■■—-- - ■ 

O O O I 
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n 



BRUCEHOOO QUANTITY ANU QUALITY SIMULATION - SWHM WORKSHOP 
STORfl OF AUbUST i<;^U^7b --F NED iR 4 I « SN 



BASIN NUMBER 



NUMBER OF TIME STEPS 80 
INTEGRATION TJHE INTERVAL (MINUTES (« 



5.00 



25.0 PERCENT OF IMPERVIOUS AREA HAS ZERO DETENTION DEPTH 



FOR 



70 r^AlNFALL STEPS, I HE TIME INTERVAL IS 5,00 MINUTES 
1 ~ 



FOR RAINGAGE NUMBER 
0.0 



'o.i;;" 

0.0 

0.12 

0.0 

0.1^ 

0.12 



0.24 
0.12 
0.0 
"0.0 
0.12 
0.12 



RAINFALL HISTORY IS 
0.0 0.0 0.0 



0.0 

0.0 

0,0 ^ 

0.0 

0.2<t 

0.0 



0.12 

0.0 

0.12 

0,12 

0.12 

0.12 



0.12 

0.12 

0,0_ 

0,0 

0.12 

0,12 



0.0 



0.12 

0.0 

0,0_ 

0,0 

0.12 

0,12 



0.0 



0.0 

0.0 

D.0_ 

0.2'* 

0.12 

0.12 



D.12 



0.12 
0.12 

_P»0 _ 
0.12 
0.36 
0.0 



0.0 



0,0 
0.0 

_Qj.o_ 
0.6 

0,2M 
0.12 



0,12 



0.12 

0.12 

0.0 _ 

0.0 

0.12 

0.0 



\ 

'JO 



* • • • * 



GUTTER AND PIPE DATA 



GUTTER 



GUTTER 



NUMBER 



5 
6 

7 
" 6 

10 



13 

14 
13 
16 



18 

19 

ao 

31 
22 
23- 
24 
25 
26 
27 
2S 
"29" 
30 
31 
32 
33 



_2« 

50 

35 

32 

54 

150 

160 

35 

IID 



CONNLCTION 



5 

' 28 
29 

32 

30 

33 

5 

150 

1 

5 



WID TH 
[ F"T ) 



2.0 
2.0 
2.0 
1^3_ 

l.a 
l.u 
l.u 
l.u 

2.3 

1.0 



LENGTH 



54" 

19 

21 

20 

17 

16 



17 
20 
X9 
16 

14 



~14" 
13 
22 
26 
25 
'*& 

4b 
46 
47 
30 
37 
S^ 
40 
39 
43 
42 



3 
21 
25 

24 
47 



l.b 
l.-i 

l.u 
l.u 

l.b 

l.a 

0,6 
1.3 

l.b 

1.0 



"tfB" 
1 
45 
46 
57 
36 

"35" 
39 
37 
42 
36 



Trr 

2,3 

2.3 

1.5 
1.0 
2.3 



1.3 

l.a 

1.3 
l.b 



291. 
161. 

16U. 
22 0^ 
28b. 
219. 
230. 

eb. 

127. 
190^ 
24a. 
169. 

IDb, 
164, 
164. 

" 9 ST" 
2&b. 
294, 
167. 
179, 
300, 

"30D^r 
300. 
300, 
300, 
169. 
16b, 

"lOGT 
154, 

19H . 
171, 



SLOPE _ 
(FT/FTt 



0,007 
0.003 
0,00b 
^.016 
U.'O04 
0.017 
0.005 
0.005 
0.004 
0.005 
0.035 
0.007 
0.010 
0.009 
0.005 
0^006 
, 6T 
0.004 
0,008 
0,010 
0.009 
0.04U 



Slot SLOI^ES 



MANNING 



OVEHFLOW 



0.0 
0.0 
0.0 
0.0 



0.020 
0,003 
0,003 
0.020 
0,014 
0.005 



0,015 

O.Oll 
0.007 
U.006 



0.0 
0.0 
0.0 
0.0 
0.0 

_°_?_ 

0",0 
0,0 
0.0 
0.0 
0.0 
0.0 



0,0 
0.0 

"0.0 

0.0 
0.0 



"DTD" 
0,0 
0.0 
0.0 
0.0 
0.0 



irro" 

o.o 
o.u 

0,0 
0.0 



0.0 
0,0 

o.u 

_u^o_ 

u.u 

o.u 

0.0 

o.c 
u.u 

u.o 
u.o 

0.0 
"0.0 
0.0 
0,0_ 

"ir,"d 

o.u 

0.0 

0.0" 

0,0 



"D'.TT 
0.0 
0.0 

0.0 

o.u 

0.0 

"0."U" 

u.o 
u.o 

u.o 

0,0 



N 
0,018 

0. oie 
o.oie 
o_. 1 a_ 
b,biB 
u.oia 

0,016 
0,016 
0,018 
0.016 



U.OIB 
0.016 
0.016 
0.016 

u.oie 

0.018 



(IN) 



10.00 
10,00 
10.00 
10 . 0_ 
10,00 
10.00 
10.00 
10.00 
10.00 
_10,00_ 

Id .00 

10,00 
10,00 
10.00 
10.00 
10.00 



0,018 
0.016 
0.016 
0.018 
0.018 
0.018 

"oroTF- 

O.OIB 
0.018 
0,016 
0,016 
0_^0 18^ 

"oTore^ 

0.018 

0,013 
U.OIB 

o.oia 



10.00 
10.00 
10.00 
10.00 
10,00 
10.00 
Tcr.DO" 
10.00 
10.00 
10.00 
10.00 
1 0^0 

To . 00 

10.00 
10.00 
10.00 
10,00 



TOnfL~MUWBnr-Dr GUTTCXSyPTMES. 33" 



ASTERISK 1*1 ULNUILS CIKCUUAH ^-IPL. U! AMt TEK = . WILITH, 



Vi'! 



* * • * « 



SUBCATCHflLNT DATA 



* * 



r. 



_S y B C_AT C Hj^ G U T T E R WI D ni_ 

HENT NO. OR INLET (FT) 



AHEA 



IAD 



■^sj 



1 

2 

_"+ 

6 

7 
8 
9 

jn 
11 

12 

13 
It 
15 
If. 
1 ^ 
18 

ly 

2\ 



1 
2 

3 
1* 
5" 

7 
8 
9 

10_ 

11 

12 

13 

14 

15 

16 

1 / 

18 

IS 

20 

21 



28 

30 

32 

34 

'15 0' 

160 

35 

1 

3 

2t 
21 

17 
13 
22 
26 
**? 
M9 
38 

to 

H3 



879.0 

1205. U 

626. U 

J212.0 

70. U' 

45,0 

60. U 

Tll.U 

1589.0 

50,U 

8 0b, U 

1162. U 

928.0 

13V4.U 

470, U 

694. U 

2"72t."u" 

1481.0 

1282.0 

loiy.o 

1307, U 



2.2 

5.3 

1.6 

5,1 

O.b 

U,6 

0.5 

1.5 

3.8 

0,9^ 

1.6 

2.6 

2.8 

3.3 

1.1 

2.5 



4,4 
1.2 

3.7 
5,1 
3,6 



IMPEHV, 

64,0 

b3,0 

58.0 

61.0 

0.0 

0.0 

_ 0,0 

56.0 

56,0 

0,0 



SLqPE 



27,0 
74.0 
59,0 
71.0 
67.0 

27.0 
40.0 
27,0 
52,0 

tu.o 



TOTAL NUf*BER OF SUBCATChnfNTS t 21 
TOTAL TRIflUTARY AREA (ACMESt. 48,23 



(FT/FT) 



0.0^8 
0,019 

u.oia 
o.a?3 

0.041 
0.020 

o.oyi 

0.023 
0,024 
0^2 9 
"0.041 
. .1 
0.058 
0.042 
0.024 
0.023 



AES_I STA NCE F ACTOH SU RFACE ST0Ra6E(IN} 



IMPERV, 



0.238 
0.200 
0.026 

0.044 
0.047 



0.013 

0,013 
0.013 
_0.013_ 
0.013 
0,013 
0,013 
0,013 
0.013 
0^013 
0",0l"3- 
0,013 
0.013 
0.013 
0.015 
0^013_ 

oi3 

013 
013 

013 









0,013 



PEHV, 

0,2SO 
0,250 
0,250 

_0.2bU 
0,250 
0.2S0 
0.250 
0.250 
0.250 

_Q^25U_ 
0,2b0 
U.250 
0.250 
0.25U 
0.250 
0.25U 



0,250 
0.250 
0.250 
0,250 
0,250 



IMPERV, 

0.062 
U.062 
0,062 
_0.06 2_ 
U.062 
0.062 
0.062 
0,062 
0.062 
0.062 



PERV. 



INFI LT RATIO N Q£c h. T__f UL «A5i. 



0,062 
0,062 
0.062 
0.062 
0.062 
-lt062^ 
0,062 
0.062 
0.0e>2 
0.062 
0,C62 



184 
194 
184 



_o.ie_4_ 

0.184 
0.184 
0.184 
0.184 
0.184 
0._1^84 
0,184 
0.184 
184 
1Q4 
184 

ia_4 

184 
184 

184 







-0- 




,184 
0.184 



RATE(IN/HRI 

fiAxmuM niNinuM 

3,00 0.52 

3,00 0,52 

3.00 C.52 

3,.0_0 _JJ_.,5e_^ 



3,00 
3.00 
3.00 
3,00 

3,00 

J._o_o. 

3,0 

3,00 
3.00 
3,00 

^,00 

3^1 0_0_ 
3,0 
3,00 

3.0C 
3,00 
3.00 



0.52 
0.52 
0.52 
0.52 
0.52 
J3j52 
0,52 



52 
52 



0.52 
0,52 
0,52 
6,5i> 
0.52 
0,52 
0,52 
0,52 



(1/SLC> 

0,00115 
0.00115 
0.00115 

_0.C0ll.5_ 
. ;j 1 1 5 
0.00115 

.0.00115 
0.00115 
0,00115 

.3,00115 
0,00115 
O.U0115 
0.00115 
0,00115 
0.00115 

J.QOUS 
0.00115 
0.00115 
0,00115 
0,00115 
0,00115 



NO, 



l_ 



!»<■• 



( ARRANGEME.NT OF SUQCATCHHLNTS flNU GUTTtHS/PlPES 



GUTTER 
OR HlHE 



TRiaUTAKY tiUITLR/PIf'L 



TRiaUTARY SUBAREA 



2t1 

30 

32 
31* 

TsF 

160 
3b 

TIo" 
2^ 

20 
\1 

m 

13 
~27' 

26 
25 

49 
Hb 

47 
38 



29 

30 
32 

~3'r 

33 

36 

25 
20 

21 

1^ 
~XT 

16 

14 



26 

46 
48 



2 



5 

6 

T 

TT 

TT 
m 



»7 
1^ 



"37 



3fc 



37 



42 



_3? 

•13 

42 
INLET 



40 



43 



m 



u. 



THIBUTAHY GUTTtHS AND/OR PlPtS 



TRIBUTARY SUBAHEAS 



26 IbU IIU 
35 24 4b 



13 



N3 



HTDROGR*PHS WILL BE STORLD ^ OK THE FOLLOWING 3 INLETS 



I' 
hi 




M 

VJ 



QUALITY UtFflULT PAKAMtTER CHANGES 
NUS= 10 



DOFACT 



0,70UOO 



a. 3000 



3.3000 



4.6000 



1.5000 



SET-S 

SUS-S 

COL IK 

BOD 

COD 

NIT 



P04 
GREASE 

CL 



•s' 



lUD 
lUO 

0,65 
b.O 
4U. 

0,4 6 

(J Vb 
1.0 

0,0 

0.0 



,00 
0.0 

UUOE 07 

ouo 

UUO 

ouo 



uuot-ui 
ouo 



IIJO.OU 

lUOO.U 
0,27UO0t 07 

i.6000 

•iO.OOU 
0,610 00 
U,b0U00E-6l 

1 , 0000 
0.0 
0.0 



100.00 
1000,0 
0.170U0L 07 
7.7000 

iy.ooo 
o.mooo 



HI . 

loon.u 

U.lOUUOt 07 
3,1200 

M n , u u 

0,43UU0 



100,00 

1000,0 
0.0 

5.0000 

20.000 
U,50000E-01 



0.70COOE-01 0.30UUUE-D1 U,5000 0E-U1 

1.0000 l.OOUO 1.0000 

0.0 .. _^_ o.n ___ p,o __. 

0.0 0,0 Q.O 



.QUALITY SIMULATION INCLUDED IN THIS RUN, 



INPUT PAKAMETEHS AS FOLLOWS 
NUMBER OF CONSTITUENTS 



. — --». - 



10 



NUHBER OF URY UAYS 
STREET CLEANING fHtQ 

PASSES PER Cleaning 



^,0 

1**.0 DAYS 

1 



STD CATCHHASIN VOLUME 20,00 FT3 
CATCHBASIN CONTLNTS bUU 60,0 MG/L 
METHOD FOH CflLLULATINb SSl 



SPECIAL TELHNl'JUt . 

SAME AS IN OHIGINAL 

RELEASE I OF IHL SWMn, 
ISS = I 



WATLRSHtD GUflLITT ULFINITIONS 



SUBARCA 
NUMBE.R 



LAND USL 
CLASS. 



TOTAL GUTTER 
LtNGTH*10**i! FT. 



NUMBER OF 
CATCHBASINS 



b.40 



2.00 



6 

9 
10 
11 
12 
13 



6 

10 
11 
12 
13 



m 

15 
16 
17 

le 

19 

"2(r 

21 



l** 

15 
16 
17 
18 

19 

"2 0" 
21 



11 

10 

U 
1 



b 

14 

4 
11 
10 
lb 

a 

7 

23 

6 

7 



.15 

.35 

.8b 

.10 

.10 

.7 0_ 

.00 

.50 

.10 

.40 

.40 

.55 

.00 

.40 

.80 

.05 

.30 

.20 

;6F 

.40 



3.00 
5,00 
2.00 
1.00 
l.DO 
1.00 



2.00 
6.00 
1.00 
4.0 
3.00 
3.00 



7.00 
3.00 
1,00 
12.00 
6,00 
2.0 
6.00 
4.00 



1 



MYDnOGRAPHS WILL til LISTLD FOK THE FOLLOWING b GUTTEHS OH INl.tTS 
**? 160 21 30 to 



TOTAL RAINFALL (CU FTJ 



0.75270tE 05 



TOTAL INFILTRATION (CU FT) .38849 iFlTs" 

TOTAL GUTTER FLOW AT INLLT ICU FT) _ 0.3246'*eE 05 

TOTAL SURFACE STORAGE AT END OF STORH (CU FT ) .39t)809E Gt 

TOTAL~SNOWMELT~ (r.CTF fl " 0^^""" 

_^£R«OA I'^CO^TINUITTfi PERCENTAGE OF RAINFALL. -0.00217 






111 










INLET HYDH0G9APH 


HAS IN NO 


1 








10.000 I 
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f; 


^ 
























1 • 
1 1 


I 










e.ooo - 










1 -1 I 
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::i I 










i" ^ 
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"1 b.OOP - 
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1"-] RUNOFF I « 










1- 


I • *: 










IN X « * 








■ 


"1 1 • « 










_" 


LF-S I « , 










N3 1. 


I « * 
I 4 * 










1 
1 


<*.ooo - _ ^. ^__ • • 










I « * * 










"1 X ** * « 










t'' 


I * *» • 










I f ** • 










1 « * * 










)1 


. 1 * • 


*« 








1 " 








1 " 


:I * ** * * 


* * 










I * * » « * « 


* * 








1' 


£.000 • * « * * « * 


« * 










I * * * « * * n 


* 








1 " 


t ** *« * * * 


* 






• 


.« 1 «»»♦*» * ♦• 
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■^ 




— ^- _ 


!•■! 1 • • * * * * 


'« 
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I * •*** *• * 
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^^ 


0.0 1,0 ^,Q i,0 H.O 5.U 


fa.U 7,0 


8.0 


9,0 


10,0 



TlMt IN HOUKS 



D£TM >/^i> K^ODFL 



THIS IS A SUriMAHY OF THF. BU-'NTITY flNU OUftLITY RLSULTS 



HRULtWOOO UUrtNTJTY flNU QUALITY SFMULftTlOM - SHMM WOHKbHDP 
STOHM OF flUbUST ^y.iy?^ --F NLD AH » I A AN 



NSTLH NPTS NUi) UfcUT J iLiiO 



TARLA \ 



HB.^ 



THE ^OLLOHIN^, iNLLT/bUITLH NUMbLHS HILL HE. PRINTEU FOR SELECTtU TIML STEPS 
47 IfcO 21 AO *tO 



•*««» note: only tml first thhle pollutants are transfereu to otmlh blocks. 



ISA 
00 






;"i 



>— 




BRUCEWOOD QUANliTY ANU QUALITY SIMULATION - SHMM WORKSHOP 
STORM OF AUbUST 2y,iy75 --F NE.D SR S I 4 AN 



SUMMARY OF QUANTITY ANU QUALITY HLSULTS AT LOCATION »* / 



FLOU IN CFS AND QUALITY IN MG/L (AND COLIF IN HPN/L ) 



TIME 



FLOW 



bUD 





1' 




11, 
• 



5.0 
10,0 

15. n 

20.0 

^25,0 

.5 0,6 

i5.0 

f*0. 

D 1+5,0 

50,0 

55.0^ 

o.d 

5,0 



10,0 
15.0 



2 

25, 

30 

35, 

10 

45, 



1 50 
1 55 


5, 



10.0 
15.0 
20 



.0 
ii 25.0 

"£'3o:r 

35,0 
40,0 
45.0 



50.0 
55.0 




5 
10 
15, 
20, 
25, 



3 0.0^ 
35,0 
•tO.O 
45.0 



50 
55, 



0.0' 



0.306E-0 

D.450E-0 

o.iyiE-0 

0.7U5e-0 
_0.315E-0 
0.l"bUE-0" 
0,642£:-0 
0.95f^E-0 
0.199^-0 
D.223E-0 
J1.4UBE-0 
0,660t-0' 
0.121 
0,124 
C.lf.0 
0,205 
0.133 
0.10 2 
0.101 
0.9y3E-0 
0.101 
0,100 

0,101 

b.607E-0 
0,539E-0 
0,69eE-0 
0.574E-0 
0,53yE-0 
0,a97E-0 

D;g7oE-o 

0.164 

0,145 

0,40eE-0 

0.fc20E-0 

0,947E-0 

"O.S2HE-0"" 
0.145L-0 
0.b2'+E-0 
0.20eE-0 
O.lOflt-O 
0.fc52E-0 
0.434E:-0 
0.312F-0 
0,412E-0 
0.fl-4 7L-0 
0.54iE-0 
0.117 

"0.2 56 



61,4 
5b, 6 
3^,3 
3d,0 
_2 7^^ 
11,5 
0.0 

o.u 

IH.b 
26,9 

3U,0 
"^33-74" 
3^,2 

3/.y 

37. & 
3y.l 

3fa,3 

"^3r",v 
2/, 7 

2S.b 
24.2 
2i.2 
_2i,l_ 
"21.1 

iy.4 

lb. 7 

Hi,3 
l',2 
_lfa.9 
Ifa.O 
IB.l 
IB. 3 
1'.9 
Ib.U 
li.t, 
1 i . 1 
li.2 
14. b 
IJ.l 

b.6y 

O.U 
0.0 

e.77 
y.9^ 
lu. J 
lu.u 
-13.4- 



SUS-S 



COLIF 



COO 



SET-S 



NIT 



191. 
114. 
64,4 
45,9 

_4^ . 3_ 

i9.r 
0,0 
0.0 

11.1 

16.1 

_2B,0 

5"4 , 7" 
121. 

184. 
241. 
259. 
~16"4,~ 
127. 
106. 
101, 
9a. 3 
95.6 
65'.*+ 
61.5 
67,0 
6b. 7 
49.9 
60.7 



71.-5" 

lib, 

129. 

122. 

86,4 

f.6,9 

bl.l 
51.2 
62,2 
53.9 
23.2 

0.0 
— G , 0-~ ~ 

0.0 
18.4 
34,7 
56,5 
47.1 
" 113. 



O.lBfeE 07 
0.132E 07 
0.999E 06 
0,90QE 06 
0,627E q^C 
0.549E 06 
O.U 
0.0 

0.500E 06 
0.727E 06 

^.e23E_0^ 
0."927E 06 
0.995E 06 
0.103E 07 
0,1C3E 07 
0.1O2E 07 

^102E 07 
0.1U4E~07- 
0,10 IE 7 
0,9a9E 06 
0,9n4E Ob 
0.97&E Ofa 

^,96gt_ 6_ 
0.975"E '06 
0.979E 06 
0,941t 06 
U.940E 06 
0.y56E 06 
0^927E 6 
d,918E 05" 
0.911E L^ 
0.yi2E 06 
0.945E 06 
0,9b3E Ob 
0,eebE Ob 

o.byoE" dfa" 

0.945E 06 

0.998L 06 

0.915E 06 

0.39PF_ 06 

0.0 

." 
0.0 

0.741E Ob 

0.7n9E 06 

0.82bE 06 

0.bb6t; Ob 

-0V843E 06" 



230, 
160. 
116, 
95.6 

__8 . 7_ 

33.5 

0.0 

0,0 

57,8 

63,7 

_9J.^ 
98.6 
100, 
97.7 

84.4 
79,4 



70.1 
66.3 
63.2 

60,3 
57,5 



0.815 
0,577 
0.436 
0.597 
0.362^ 
0.153 
0.0 
O.D 
0.218 
0.317 
0.360_ 
0.4 09 
0,449 
0.471 
0.485 
0,49b 
^^bOB 
0.5 IT 
0,486 
0,477 
0,477" 
0,477 
0,477 



8.75 
5.22 

2.98 

2.14 
2.10 



55.9 
54.3 
51.0 
49,8 
49.1 
46.4 

~~** 4 , 5" 
41.9 
40, 1 
40.1 
39.4 
35^1 

"""34."f, 
36.5 
38.9 
35.6 
15,5 
0,0 
0.0 ' 
0.0 
27.1 
28.4 
29,4 
29.5 

~£7,r 



0.485 
0.485 
0,4b6 
0.468 
0,479 
0.46b 
"0.4bb' 
0.476 
0.486 
0.bl4 
0.518 
0.468 
0.4 71"" 
O.bll 
0,554 
0,509 
0.222 
0.0__ 
"0.0 

0,0 

0.379 

0,412 

. 4iH 

J, 464 

"0,4 9 7" 



0.807 
0.0 
0,0 
0.538 

o»7eo 

1.33 
2.53 
5.52 
6.93 
" 6.38 
10,9 
10 .8 
7,48 
5. 78 
4,84 
4,61 
4,50 
4,38 
3,92 
2.85 
3,09 
3,08 
2.32 
2,6 
3,28" 



2? 

68 
58 
06 
08 



2.82 
2.38 
2.8fl 
2.50 
1,07 

0.0" 

0.0 

0,065 
1.62 
1.71 
2.19^ 
5.14 



P04 



_6R.EA_SE__ 



0.876 
0.523 
0.298 
0.214 
0.210 



0.666E-01 

0.0 

0.0 

0,540E-01 

0.782E-01 

^.133 

0.253 
0,552 
0.694 
0.636 " 

1.09 

1.06 



0,287 
0,203 
0,154 

o,i'+a 

JLtlZT. 



0.b36E-01 

0,0 

0,0 

0.769E-01 

0.112 

OjJ.^7 

0,143 

0.153 

0,156 

0.159 ' 

0,156 

0,159 



0,746 
0.576 
0,484 
0,461 
0.450 

J^438^ 

0,392 
0.265 
0.309 
0.308 
0.232 

0.281 

0.326 
0.523 
0,568 
0.558 
0,406 
0,30 8 
0,262 
0,236 
0,288 
0.250 
0.106 
. ______ 

"o.b 
0.0 

C,807E-01 
0.165 
U.171 
0.219 

G.bl4 



0.16C 
0,155 
0.132 
0,151 
0,150 
0,149 



0,150 
0.151 
0.145 
0,145 
0,147 
0.143 



0,141 
0,140 
14LI 
145 
147 
136 







_0 
0,137 
0,145 
0,154 
0,141 
0,613E-01 
0,0 



0,0 

0.0 

tJ.114 

0,121 

0.127 

0.152 

0,1 50 



_Pa 



0,233E. 
0,165E- 
0.125E. 
0,H4E- 

_Q..1Q4E- 
0,437E- 
0.0 
0,0 

0.626E- 
0,910E- 

_0^103E. 
6.ii6E- 
0,125E- 
0,129E. 
0,129£. 
0,127E- 
0_.12aE- 
O.iiOt. 
0.126E- 
0.124E- 
0,123E. 
0.122e. 

0.122rE. 
0.123E- 
O.liaE- 
0.116E. 
0,120E- 
0, ll^bE^ 
O.llbE- 
0,114E- 
0,114E. 
0.118E- 
0,119E- 
J,111E- 
0,il2E- 
0,116E- 
0,125E- 
D,H5E. 
0,499E- 

0.0^ 

0,0 

0.0 

0,926E- 

0.9a9E- 

0.103E- 

0,107E. 

O.iCbE- 



■02 
02 

Loa_ 

03 



03 
03 

^2_ 
2 
U2 
02 
02 
■02 
2_ 
"02 
02 
'02 
02 
02 
02_ 
02 
02 
02 
02 
02 

02__ 
02 
02 

0£ . 
02 
02 
02 
02 
02 
02 
02 
03 



03 
03 
02 
02 

U2 



0.0 

0.0 

0. 

CO 
_0,0 

0.0 
0.0 
0,0 
0,0 
0,0 

0.0 
0.0 

0,0 

0.0" 

u.o 

0_.D_ 
0,0 
■J.O 
0.0 

0,0 

o,c 

0.0 
0,0 
0,0 
0.0 

o.c 

.0 

"o.o 

0.0 

0.0 

O.U 

0.0 

0.0^ 

0.0 

0.0 

0.0 

0,0 

0.0 

O'CL 

0.0 
0.0 
0,0 

0,0 
0,0 
0,0_ 

"o.d 



RUNOFF BLOCK WORKSHOP EXAMPLE NO. 1 

Assumptions : 1) Each house has a 15' wide paved driveway. 
2) All roof leaders are connected. 
3} 2-year design storm. 

Total Drainage Area = 6.61 acres. 

Prepare input data and fill out coding form for each subcatchment and 
gutter/pipe (card groups 5 and 7 only). 
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Example No. 1 

Assume each house to have a 15' wide paved driveway. 

All areas except roads, roofs, and driveways are pervious 



100 200 300 400 
I iw — . — . — I— -J > 



Scale in Feet 
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JAMtS f- M.k,LAf<L^J LTD 

GENERAL PURPOSE DATA ^ORM 



INSTRUCTIONS V 
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•:Z;/ 

J -r- 
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o 






12)5 



: ' i I II 
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z 

I 
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JAMcS '-, M.irLARFN LTD. 
CErJLRAL PURPOSE DATA F-Ofii-Vl 
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SWMM WOHkSmOP - RUNOhh ULUCH 



DASIN fJUnijtR 1 

"number" OF TIKt STLPS ifO' 



IN'tGRATlON Tint. INrf.HVflL (Mll.UItS) . 5,0 

25.0 PERLtNT OF IMPERVIOUS AHla HAS ZEKO ULTENTION ULPTH 



^HtTST^N f^OtrSUBCATCHMtNTb IS f "ot~MOllLLtU .' 

HIGHEST 30 MIIM. HflIN INTtflSlTT IS l-OH IN/hR 

FOH ,?u KfllNFALL STEPS. I HL t IHL INTEHVAL IS 5.00 PIlNUTES" 



"T5rf*TTflTrj6AG^m}ftaER 1"; fTttrfJFALirTTlS TORTUS __ 

___ ■ 0*12 O'l** _ O-lf- O.ia 0,22 0.21J 0.H2 0.91 2.06 1.16 

0'67 O.^ffi 0.37 0.31 0,2T 0,2ii — o.2l 6.19 ""b. IB " 0.0 

CJtGREE HOUR MEuT HATE = 0.0 



*- TEHKERATUHE OF SNOW BASt = 30,0 



WIND FACTOR" = "O.UObOO 



&Af*i«lrt FACTOR = 0.0/914 



TtMPEHArURE AT EACH TIHL STLP 

*t0.0 40.0 HO.O ^0.0 4 0.0 <t0.0 hO.O HO.O 40.0 hO.O 

'*0.0 tO.U 40. U lO.O" 40.0 40,0 40.0 1*0,0 40,0 " 40,0 

'^O.O 40.0 40,0 40,0 40,0 40.0 40,0 40,0 40,0 40,0 

.;*0.Q t^L^. '♦O.O 40,0 40,0 40.0 '*0,0 «*0,0 «»0.0 40.0 



* « * • * 



GUTTEH ANO HIHt DATA 



• • * « « 





GUTTER GUTTEH WIDTH LENtiTH SLOPE 


SIDE 


SLOPES 


MANNING 


OVEHFLOU 








NUMBER CONNECT! ON (FT) (FT) (FT/FT) 

„_.! • 100 300 1,0 450. O.OlO 

2 • 200 400 1.0 325, O.OIU 

3 • 300 HOO 1,5 250. 0.008 
.** •_'*00 10 1.3 500. 0.005 


L 

0.0 
O.O 
0.0 
0.0 


H 

0.0 

0.0 
0,0 
0.0 


N 

0.015 

0.015 
0.015 
0.015 


(IN) 

10.00 
10.00 
10.00 
10.00 




- 




TOTAL NUMBER OF GUT TEHS/KIKES . 4 

ASTERISK I«l OLNOTLS CIHLULAH PIPE. DIAMETER= .WIDTH, " 


. 








- - 


























- - - 




























































■ 






























^„- 
























■ 

















• ••♦•SUQCATCHfltNTUATA***** 

^UBCflTCH- _ GUTTtH WlUTH AKLft P»HCtNT_ ^SLOf't HLSIS TflN L L FftCTOH SUHfftCE STQHAG tllN) I N(- IL TUfl T I ON DECAY KATE GAtit 

WENT NO. OR INLtt M-i) (At) I>HLHV.' iPl/fTi "THPERV. PtHV, IflPtHV, PtHV. HATtriN/MKt " (1/StC) NO. 

_i _i 10" HJiii.ii ^.y M<;.H o.niu o,ni5 o.iiso _ o,062 o.i«4 3,00 o.b^! o.ooiis 1 

* 2 aoo 7b2,U 1.9 bl.l 0.030 0,013 O.ZbU 0.062 O.IOM 3.00 . S2 0.00113 ^" I ' 

3 3 300 b29.U U.fl 3H,1 0.030 0,013 0.2S0 0.062 O.lflM 3,00 0.52 0,00115 1 



t ** '*00 .^1^'^___ y_"^_ ?.!L'_'* tJ.0^0 0.013 0,2bU 0,Ofc2 0.18M 3.00 0,52 0.00119 



1 



TOTAL NUMBE.R Of SUOCftTCHMFNTS . ^ 
TOTAL TRXBUTAHY AHLA (ALKESI* 6,1,1 






••• SNOW UftTfl ♦•• 



SUBCftTCH- PLRCtMT 

MENT NO, 



RCtMT 


U.L. 


HLUCLNT 


W.L. 


*LK*i^'_ 


UN) 


HLHVJOUS 


_*iA> „ 


25. 


D.<;50 


bb.O 


0.600 


30.0 


0,250 


70.0 


0.600 


20. D 


0.^50 


60.0 


U.60D 


25.0 


0.2bU 


65.0 


U.&OO 



PERCtNT INITflL F.W. PtRCENT RlSISTANCE FACTOH 

IflPLH V. P EKV, >-.U.H,C. inPEKV. PtRV. 



2.00 
2.00 



2.00 
2,00 



■^ 


00 


^ 


00 


^ 


00 


i 


00 



2.00 D.1JUE.-01 0.250 

2.00 0.130E-01 0.2S0 



2.00 0,130e-01 0.250 

2.00 U.130C-ai 0.2S0 






AfUMtiai'rtiht 0? SUBCATCHKtNiS flNU GUt TE.H S/P I t'ES 



GUTTER 
OH PIPE 



TMlMUTA^Y bill It H/kll't 



TRIBUTrtKT bUBAREfl 



100 
200 
SOU 

4oV ~ 

INLET 
10 



loo 

'2(i\i ~ 3 6 

THIBUTAKY bUITtHS flNO/OR PIPES 
■100 



TNIHUTART SUBAHEAS 






HrUROGRAPHS HILL bt STOHLO ^OK tHE FOLLOWING 1 INLtTS * 






" OtiALiYV ULf AULT" PAHAHt TUT CtlANGES "" " 
NOS= 10 
tJDFALT U.70UUC1 2.^000 3.JO0O <t,^OUU 1,5000 



SET-s 100. uo ioo.ou 100,00 ion,ou 100.00 

SUS-S lUOU.O lUOO.O IDOfl.O 10(10. tl IDOO.O 

COLIh CbbUUOt Of ').27UC0L 1(7 0.17000L U7 O.IOOUOL 07 U.O 

^^^ b. 001)0 i.tOOU 7.7000 3.12UJ 5.0000' " 

COD tu.oun Mo.oou is.ooo *tn,ouu 20.000 

j'JJ.t 0''+^"*J"__ U^bUJ^OU O.mOOO U.H3UUJ U.50UOO E-D1 

f'O'* U.i)LUu"Ot-Ul U.bOUdUL-Ol 0,700D0t-0l U.50UUOt-Ol u,3ouuaE-oi 

fiREftSE 1,0000 1,0000 1.0000 1.0000 1.0000 

HB 0.0 0.0 0.0 0.0 _ 0.0 

CL 0.0 0,0 0,0 0,0 0,8 



^CUALITY SmuLATlON INCLUUED IN THIS RUN, 



INHUT PAHAntTEKS AS t-QLLOWS 
NUHBRR OF CONSTITUENTS 10 



NUMBER OF URY UAYS XS.O 



STREET CLEANING FKEO 7,0 DAYS 
PASSES PER CLEANING 1 



STD CATCHBASIN VOLUME 20.00 FT3 
CATCHBASIN CONTtNTS UCU 100,0 MG/U 
METHOU FOR CALCULATING SS: 



SAME AS FOR ALL OTHLKT 
POLLUTANTS (VUL^ I ) 
iSS = 



HATLRSHtD QUALITY UtF INI T IONS 



SUBAREA 
NUKbElR 

— 1^ _ 1 

2 2 

3 3 

4 H 



LAiMD USt 
CLASS. 



TOTAL GUTTER 
LLNGTH«10**2 FT. 



3.25 
2.50 
3.00 



NUMBER OF 
CATCHBASINS 

„ 4,00 



2.00 
2.00 
H,00 



HYDROGRmPHS will be LISTLD FOH 1 ml FOLLOWINb 1 GUTTtHS OR INLtrS 

100 200 auo HOO I 



TOTAL RAINFflt-L (CU FTI 



o,le75^oE 05 



TOTAL INFILTRATION (CU H» 

TOTAL GUTTER FLOU AT INLtT (CU ^T^ 



0.131bHHE 05 

cerbSbiE oh 



TOTAL SURFACE STORAGE AT ENU OF STORM (CU F T 1 ,H9'*!)10E Od 



TOTAL SNOWHELT tCU fit 0.36&t<*5E OH 

ERROR IN CONTINUITY* PtRCENTAbL OF RAINFALL* 0»00267 



ro 



• • * * * 



S U H H A H Y 



U t- 



f- I N fl L 



S N U 



CONUITIONS 



* • • • * 



WATERSHtD 



SNOW COVE.RLU AKEA 1 SQ f 7 ) 



DEPTH OF SNOW (FT) 



1 J^^y . 



2b2b. 
?D66. 



HtRV 
2Ba30, 



i!QS&0. 



FREE WATER tFT 



IMPERV 
0,0 
0.0 



PLHV 
0,02.^b7 

0.023b7 



IflPERV 

o.ooaoo 

O.UOOOO 



PEHV 
0. 00047 
0.00047 



0.0 
0.0 



0.02Ab7 
0.02367 



O.UOOOO 
O.UOOOO 



0.00047 
0.00047 



HAINF'ALL HYt-t7i'b>rfl>H" 



BAS'lN NO 






IN ~~ 

IN / hH 



5.000 I 

I 

I 

I 

i 

% 

_l 

I 

1 

1 

M.noo - 
I 
I 
1 
I 

_ _ I 
' 1" 

I 

t 
t 

3.000 - 

__I 

I 
I 
1 
I 
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THIS IS A SUMHAHT Of TML QUANTITY ANU QUALITY HF.SULTS 



SHMM WOHKSHOP - HUNO^^ HLOLK 

EXAMHLL NO 1 - iJYH IRbibN STOHM, KUOf LtflOEKS CONNECTLU 

NSTEF NPTS NQS ULLT TZtHO TaRLA 



10 4 11 dOU. 0.0 6.6 

THE FOLLOWINU INLLT/bUITEH NUMBLHS WILL HE'HRINTEU FOR SELECTtO TIfIL iSTEPS' 
100 <!00 600 too 



NOTE: ONLT TML FIRST THKLE POLLUTANTS ARE THaNSFEREU TO OTHER BLOCKS, 



SWMM WORKSHOP - RUNDt-(- OLCCK 

EXAflKLE NO 1 - ytH ULSIGN STOHM. KOOF LErtDEHS CONNECTtU 



■^ 



SUriMAHY OF QUANMTY ftNU OUflLITY RtSULTS AT LOCATION 100 

FLOW IN CFS ANU QUALITY IN MG/L I AND COLIF IN MPN/Ll " "" ' "^ " "" "^ ""' ^ " 

11^^- ?LOW tJUU liUS-a COLIF CPU SLT-S NIT POt GKEASE PB CL 

SUb-iiNt ^ ~ — —- .— ^ . 

5.0 ij'.716e:-o o.u a»0, 0..4 o,,fl 0.0 0*0 0,0 0.0 0.0 0.0 

O.U __ " _ __ 

iO.O C.254e:-0 44,2 9.45 " " 0.951E 0& " 139 . " . 4 1 J " " 0.500 0.502E-01 0.146 0.195E-02 " 200," 

9.4b 

° ^5,0 0_._j356E^.O __b-i,5 1_2^2 0.119E 7 l&a, 0,519 O.fcMO 0.644E-01 0.183 0,2H3E-02 250. 

11^.2 ~~ ~~ ^ 

20.0 0.521E-0 53,1 13.7 0.126E 07 167. 0.b96 0.7m O.TlBE-Ol 0.19M 0.25eE-02 265, 

_ li.7 _ _^^__ 

b 25.0 0.119 4fa,3 17.3 0.i27E 67 146. Q~b97" ~^0.fl79 .eSSE-Or , 196 b,26dE-02 "266 ,~ 

If ,5 

J-lP-'-O C^.242 3H.a 25^^^ 0^^^^__^1 109. 0^10 1,^2 0.123 0.193 0,2 56 E-02 264. 

2t>.0 

.0 35.0 0,425 21,4 37,3 0.121E 07 65,0 0.992 1.78 0,178 0,166 0,24aE-02 255, 

_ 3'.3 ^^__ 

40,0 0,782 10.7 61,6 O.ilSE 07 27.7 1,66 27(37 0,266 ~" b,l7^~ 0.231E-02 236. 

bl,6 

45. 2. 15 9.04 145. P.954E 06 6.66 8.43 6.67 0.667 0.147 0,195E-0Z 201. 

14 5, " ~ 

f: " ^O'O 2,03 ?.73 137. 0,748E 06 4,72 12.4 6.36 0.636 0.115 0.153E.02 158. 

<— ^-^^ 13 7. __ 

"55.0 1.74 b.24 92.6 0.553E 06 3.37 " 9,48 4",31 d.'*31 0,651E-01 0,ll3E-02 116. 

9^,6 

J O'P Jj 09____2 . 75__ 4 8,1 0.410 E 06 2,59 0.756 2,20 0,220 0,643E-0l 0,655E-03 6 6 . 

4a. 1 "^ ' 

15,0 0.674 2,02 33.8 0.360E 06 2.34 1.9b 1,57 0.157 0.565E-01 0,776E-03 80,0 

i 10.0 0.596 1,57 " 25,8' 0.340E 06 2,09 1,05 ^1.20^ O^lzO" '0 , 523E-0i^"0,"696E-03 71.6 

25,8 

XJ^.'J^^__°^'^'f . ^'I Q I B. 4 Q , 314E D6 1 , 93 0.750 0.658 0.659E-01 0. 462E-01 0.641E-03 66.0 

ia,4 " '~~ ~ ~ __ ___ 

1 20.0 0,379 1.02 15,6 0,296E 06 1,62 0.602 0,730 0,731E-01 0,456E-01 0,606E-03 62, H 

1^'fc _ 

i 25.0 0.326 0.887 13.2 0,2eiE 06" 1.73 6,506 ^0,620"" 0,621E-dr 0,433E-01 0,576E-03 59.3 

13.2 

1_31^0 ,206 0.811 1U9 0.270E 06 1. 6 6 0.459 0.559 0.560E-01 0. H15E-01 0.552E-03 56.9 

11,9 — — ^- — — —— — 

1 35. 0,266 0.'56 11.0 0,260E 06 1,60 0.429 0,516 0.517E-01 U.400E-01 0.532E-03 54.6 

11,0 _ _ 

1 40.0 0.186 0,t.92 9,79 0.252E 06 1.55 0,i9b d.f63 b.464E-0i 0,386E-01 0.516E-b3 53,i' 

9, 79 
1 45 ,0 0.719E-0 .b92 7.91 0.247E 6 1.52 0,346 0,377 0.376E-01 0.360E-01 0,503£-03 52,0 

7.91 ~~ ~~ ~ ~ ^~ 

1 50,0 0.301E-0 0,4gu 5,92 0.244E 06 1,50 0.310 0.268 0,26eE-01 D,375E-01 0,4g8E-03 51.3 

5.92 

1 55.0 b.293E-0 0.4H5 5.05 0.242E06 1.H9 0,29g 0.246 b,249E-ai 0,373E-0l 0.495E-03 51.0 

5.05 

2 0.0 0.275 E-0 .4g6 1.69 0.241E 06 1.48 0.293 0,232 0.232E-01 0.371E-01 0,493E-03 50,7 

4,69 . 



2 5.0 
2 10.0 
2 15.0 


0.27iE:-d 
0.266L-0 

a.266E:-o 


0.417 
4.53 

0,413 
4.M7 

0.411 
4.44 


4.53 
4.47 


0.240E 
0.239E 
p.23eE 


06 
Ob 


1.46 
1.47 
1.47 


O.290 
0,290 


0,225 
0.222 
U.220 


0.225E-01 
0.222E-01 
U.221E-U1 


D.369E-01 
0,36eE-01 
0.367E-01 


0,M91E.-03 
0,469C-03 
0,*l67E-03 


50,5 
50,3 
50.2 


2 20,0 
_ Z 25.0 


0.2fc5E-D 
0,2fc4t-0 
0.263e:-0 


0.410 
4, U2 

o.4oy 

4,42 

0.40B 

4.41 


4,42 
4.4^ 


0,237E 
D.237t 
0.236t 


Ub 
Ob 
06 


1,46 
1.46 
1.45 


0.290 
0.290 
0,290 


U.22P 

0_l219^ _ 

0,219 


U,220E-U1 
0.220E-U1 
O,220t-Ul 


0,365E-01 
0.3b4E-0l 
U,363t-01 


U,H66E-03 
U.484E:-0S 


50.0 
49.8 


2 30.0 


U,462E-03 


49,6 


2 35.0 

2 (iO.O 
2 45.0 


0,209L-0 
0.9fc6E-0 
0.245E-0 


0.406 
4.36 

0,401 
4,29 

0.39b 
4.20 


4.3B 
4,29 
4.20 


0.235L 
0.234E 
0.233E 


06 
06 
06 


1.45 
1.4<t 

1.4** 


0.290 
0,269 
0.266 


0,217 
0,213 
0,209 


0,218L-01 
O.ZltE-Ul 
0,210E-U1 


U.362e-01 
U.360E-01 
U.399E-01 


0.4ftlE.-03 
0,HT9E-03 
0,H77E-03 


H9,5 
49,3 
49.1 


2 50,0 
__ 2 55.0 

3 0.0 


0.779E-0 
O.HlHt-O 
0,2fcVr_-0 


0,197 

2.00 
O.U 

0.(1 

0.0 

o.u 


2.oa 

0.0 
0.0 


0.H7E 

0.0 
0.0 


Ub 


o.7ia 

0.0 
0.0 


0,14H 
0.0 

0.0 


0,104 

0,0 

0,0 


0.1U4e-Ul 

P.O 

6,0 


U.180C-01 

0,0 

0.0 


O.239E-03 

0.0 

0.0 


24,6 
0.0 
0,0 


to 3 5.0 
3 10.0 
3 15.0 


0.191t-0 
0.14bE-0 
0.115E-0 


o.u 

0.0 

o.u 
o.u 
o.u 
o.u 


0.0 
0.0 
0.0 


0.0 
0.0 
0.0 


■ - 


0,0 
0.0 
0.0 


0.0 
0,0 

o.u 


0,0 
0.0 
0,0 


0,0 

__ . '^^^ 
0.0 


0.0 
0.0 


^•0 
0.0 

0,0 


0,0 
0,0 
0,0 


3 20.0 


0.937E-0 


0.0 

o.u 


0.0 


D.O 




0.0 


0.0 


0,0 


0,0 


0,0 


0,0 


0.0 
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SUMH WORKSHOP - RUNOFF BLOCK 

EXAMPLE NO 1 - ^YH DLSIGN STOKMi HOOF LEADERS CONNECTEO 



SUMMAUT OF OUANUTT ftNU UUrtLITY RLSULIS AT LOCATION 200 
FLOW IN CFS ANU QUAHTY IN MG/L I ANO COLIF IN HPN/L) 





TIME 


FLOW 


-0 
■0 

•?_ 

•0 

-0 


BUD 


SUS-S 


COLIF 
0,0 

0.107E 
0.134E 


7 
07 


COD 


SET-S 


NIT 


P04 


6KEASC 


PB 


CL 







5.0 

10,0 
15,0 


0,525E- 
0.1P^F. 

0.259E. 


bUb-SNE 

O.U 

0.0 

•4^.5 

10. U 

51.9 

1«.0 

My. 3 

15,9 
30.6 
21.8 
21 .7 


0.0 

10. e 

14.0 


0.0 
137. 
164. 


0.0 
0.466" 


0.0 

0,570 

0,735 


0.0 

0,573E-0l 

0.739E-01 


O.D 

0.165 

0.206 


0,0 
0.219E-02 

0.274E-02 


QtO 

203,^" 
255^^ 





20.0 
25.0 
^0,0 
■ 35.0 
40,0 
45. U 
50,0 
55.0 
0.0 


U.597E- 
0,9B9t- 
0,20 _ 
0.336 
0.61b 
1.6B 


15.9 
21. B 
33.1 


o.miE 

0,14 IE 
0.13flE 


07 

07' 

07 


156, 


0.629 


0.626 


0.633E'>01 


0.216 


0.289E-02 


268. 






122. 
76.6 


0.69b 
0.b96 


1.09 
1.60 


0,110 
0,161 


0.216 
0.213 


0.289C-02 
0.263E-02 


269. 

263, 


0. 


3J.1 
12,5 
50. 
6,^0 
ai.2 
9.11 


50.0 
6542 ~~ 

160. 


0.132E 

""0.121E 

0,9B3E 


07 


3S.9 


1.36 


2.36 


0,237 


0.203 


0,270e-02 


251, 






0/ 
06 


12.9 

6.26 


2.79 

13.0 


3,66 
7,42 


0,366 
0,742 


0.187 

0.151 


0.248e-02 
0.201E-02 


230. 
167, 


X 


2.21 
1.13 

0.B06 




IhO, 
7,72 
13H. 

5.U0 

2,P9 
52.0 
1.79 

1,46 

J. 05 


69.0 
52.0 
29*8 
"24,4 
16.6 


0,725E 

"" 0,490L 

0,362E 


06 
06 
06 


4,45 

~ " 3 . 2 ~ 
2.22 


14,3 


6.39 


0,640 

" O". 4 13 
0.236 


0.112 
"0.754E-01 
0,557E-01 


0.146C-02 

U,100E-U2" 
U.740E-03 


136. 





a. 55 

0.761 


4.13 
2,3T 


95.0 
66.7 




5,0 
10.0 
15,0 


0,6tl 
0,H40 
0.361 




0.331E 
0,267E 
0,265l 


06 
06 
06 


2.04 
1.77 ~" 
1,63 


2.13 


1.39 


0.139 


0.509E-01 


0.677E-03 
b,5a6E-03 
0,541E-03 


62,9 




0.659 
0.726 


1.13 

0,774 


0.113 
0,774E-01 


0.442E-01 
0,407E-0l 


54,6 
50,2 




2U.0 
25,0 
30.0 
35,0 
HO.O 
45.0 


0.292 
0,257 
_0,22^_ 
0.212 
0.150 
0,602E- 


-0 


Ib.fe 
0.941 

14,0 
. « 1 1 

li:.4 

0,/47 


11.4 


0,240E 
0.233E 
0,222L 


06 
36 

06 


1.52 

"i.44 

1,37 


0,573 


0.669 


0.690E-U1 
0,583E-bl 
0,533e-01 


0.361E-01 
D,359E-0i 
0.342E-01 


0.507E-03 
0.477E-03~ 

0.454E-03 


47.0 




0,482 

0.439 


0.562 
0.532 


44.3 
42,2 




11,4 
0,694 

10.5 
0.624 

9,10 

o.sna 


l(S»S; 


0.212E 

~D,204E 
D.199E 


06 
06 

06 


1.30 
1.26 
1.22 


0.407 


0.491 


0,49le-Ul 
0.433E-01 

0,332E-U1 


0.326E-01 
^D.314E-01 

0.3U6E-01 


0,434E-a3 
0,416E-03 

0.4D7E-03 


40,3 




9.16 
6.97 


0.364 
0.300 


0.432 
0,331 


38.6 

37.8 


2 


50,0 

55,0 

0,0 


0.27DE- 
0.267E- 
0,255E" 


-0 
• 
-0 


6.97 

0.3G9 
4.67 

0,559 
4,0U 

0,351 


4.67 
3,95 


0,196F 

o.igiE 

D,193E 


06 
D6" 

06 


1.21 

iVzb 

1.19 


0.252 
0,24S 

0.244 


0,227 
0,200 

0,195 


0.226E-01 
0,201E.U1 

0.195E-01 


0,301E-01 

~ 0,299E-Ol 

0.296E-01 


0,401E-O3 
0.398C-03 
0.396E-03 


37,2 
36.9 
36.7 



3,95 



"5' *>'o 

2 10,0 
2 15.0 

~2 2d7o" 

2 25.0 
2 JO. 
2 55. 
2 4Q .0 
2^5.0 

^"2 5a",o" 

2 55.0 

3 0.0 

"'i' 5.D 

^ 3 10.0 
o 

3 15.0 
~5 2^0"."0 



0,25Ot-0 

,24Ut-0 

~0,2~4 7t-6" 

.i?**7L -0 
. 2 •+ b t - 
0.19Pf -0 
. •? t ^ f. - Ij 
0.i'?^L-U 
O.yi 5L~0 

. ■* (1 ;■ t - 

. 3D?L -0 
. 2 -^ L - 
0.1 54 1.-0 
, u y f. - 
0.^'j?L-0~ 



0. Jt^O 
3. 40 

0.3»4fa 
3. PR 

0.345 
3_. H / 

O.Jyy" 
3.ft ? 

n . J 1 3 

3. ilfi 
0,i42 

3.flh 
0.33^ 

3.61 
0.331 

3 , f . M 
0.3?y 

3. -12 
0.1f,U 

1.73 
C.U 
0.0 

o.o 
o.u 
b.u 

0,0 
0,0 
0,0 
0,0 
0.0_ 

"b.u "" 
o.u 



"J," yd' 
3. He 

3.67 
3.~ttT 
3.86 
3 . tih 

3 , a i 

3 . bf*, 
3.52 
1.73 
0.0 
0*0 
"0,0 

oi.e 

0*0 



0.195T bfe l.ifl o\'S'*i' 

. 191L Ob 1 .10 0,243 
0.19-:: Ofa 1.17 0,2'*3 



0,16'Jt Ob 

0.in9£ Ob 

G,l6nE 06 

o,ie"7E bb" 

C.ie5E 06 

0.18UC Ob 



1,17 

I. lb 

1.15 

1 .14 

1 .15 



0.920e Ob 0.566 
Sit „^ 1 !*»e __ 



0.0 
0.0 



0.0 



0.243 
0,243 
0,2'*3 



0,242 
0.240 
,23b 



0,X19 

^f'^ .... 



0,0 



INO 



' 67195 b.l^St-in — 57 5"* 6 E "-'3 1 — oTSg^ETcrS 3 6 ,T 

0.191 0,l92t-0l 0.2 94t-0l 0.39lt-03 36,3 

0,191 O.iyiE-01 U.293t-Ul U.389E-03 36,2 



0.190 
0,190 
0,190 



0.191E-U1 U.291E-01 U,3e7E-03 36,0 

0,191E-01 U,29UE-0l l),38bE-03 35,6 

0,190L-01 0.269L-01 D,384E-03 35,6 



0,188 
0,162 
0,174 



D.168E-UI U,287t-01 U,382E-03 35,4 

D.162E-01 0,2B5L-D1 0,379E-03 35,2 

0,175E-01 0,283L-01 U,37fcE-03 54,9 



O.aSTE-Ql 0.B60E-U2 0,142E-01 O.lSBC-03 17.5 

0,0 0,0 0,0 0,0 0,0 

0.0 0.0 0,0 0,0 0,0 



0.0 
0,0 

0.0 



0.0 
0.0 
0.0 



0.0 
0,0 
0,0 



0.0 
0,0 
0.0 



0.0 
0.0 
0.0 



0.0 



0.0 



0.0 



0.0 



0,0 



0.0 



0.0 



0.0 



0,0 



SWHH WORKSHOP - RUNOFF BLOCK 

EXflMt'Lt UO 1 - i^YH Ut-blGN STOHH, ROOF LEADERS CONNECTLU 



SUMMARY OF QUANTITY ANU QUALITY RESULTS AT LOCATION 300 

FLOW IN CFS ANU QUALITY IN MG/L (AND COLIF IN MPN/L) "^"' "^'" "'~ 

JIHE^ FLOW liUn S US-S COLIF COO SE T-S N IT POH GREAS E PB Cl, 

SUii-SNE 

5,0 0.55JE-D O.u u,0 D.O 0,0 Q,U 0,Q 0,0 0,0 0.0 0,0 

n.o 

n 10.0 0.16bt-0 "il.J 1^.6 0.127t P7 15Z. 0,bbi 0.666 0,670E-01 0,196 0,261E-0Z "'ZSI, 

1-^ ,6 

J3 1.5.0 U.52?E-0_ t^,l ___15.1 O.lig^^O? IbZ^ 0,6i>l 0,796 0,eQO E..m 0.23 0,3Q6E -02 296, 

Ib.l ' 

20.0 0.529E-0 tH,i lb, 4 0,154E 07 172. 0.b7B 0,857 0,e61E-01 0,237 0.315E-02 511, 

Ib.t _ ^__^ _ _^„ _ __ ___ 

D 25.0 0.106 5U,2 19.6 " " O.iSfeE 07 159, "0.717 1,02 O.IOZ "0,2«*b 0,'3l9E-d2 316, 

1^,0 
_0_30.0 0.211 U'}.^ 26.2 O^IS^e: 07 127. 0.63 1 1.39 O.ltO 0,237 0.315E-02 312. 

35,0 O.'ib'* 2f,6 m.H , l»+eE 07 65,2 1,11 1,96 0,199 0,228 0,303E-02 301. 

Ul.t __ 

**0.0 0.842 ID. 6 67.1 0,136E-07 43,1 " " 1,97 3,14 0,315 " 0,213 6,2e3E-02 ^2617 

6^.1 
_ 0_ A5 . 2,23 1 1 , S lfe2 . 0,119E 07 1*4, 5 6.73 7.M6 0.7'*7 0.163 0.2MtE-02 2H2. 

yj^ 50.0 .5,43 9,65 166. 0,940E 06 6,53 13,3 7.76 0,776 O.IHS 0,l92E-0a 191, 

-' 16 6, _^ 

55.0 2.56 fc,b' 120, U.695E Cb 4,06 11,4" 5,55 "0,5bS 0,107 0*iM2e-02 IHZT 

120. 

1 0. t * '♦9 3 , 4 57 ^6 D,523e 06 3.41 2.36 2.66 0,26 6 0,e05E-01 0,107E-02 106. 

5^,(3 ' ' 

1 5,0 1,15 2.64 45.3 0.405E 06 2,68 1.46 2.09 0,209 0,746E-0l 0,992E-03 98,4 

4^,3 _ ____ 

1 10.0 0,627 1,67 29.9 0,422E Ob 2.65 " 1.89 1.39 0.140 " 0.649E-01 0,663E-03' 66,1 

2y ,9 
i 15 .0 0^*60? 1 . '+5 2±^ 0.36eE 06 2.3 6 0,5 57 1.07 0.107 0,597E-01 Q.T 94E-03 79, 1 

23.1 " 

1 20,0 0.497 1.21 16.1 0,368E 06 2,28 0,842 0,649 D.850E-01 0,567E-01 0,733E-03 75,0 

IH.\ 

I 25,0 0.416 1,06 16,0 0.351E 06 2.16 0.571" " 0."75i 0,752E-bl'" U ,540£-01 "0 ,7iaE-03 ~"71,5 

16,0 
_JL_50'0 0.^67 O.^Ai 14.^ 0'3'tOA ^ 2 * 09 0,570 0.669 0,670E-01 0.523E-01 0,696E-03 69.2 

IH .2 

I 35.0 0.354 0.y£2 13.2 0,329E Ob 2.02 0.520 0,622 0,623E-01 0,506E-0l D.672E-03 66.8 

li.2 

1 'tO.O 0.261 0.039 11.6 b,315E 06 1,94 0.462 d","557 "0,558E-01 0,464E-01 ,644E-03 " "64 . l' 

11.0 
I 4 5.0 0.136 . 1 Oe 9,49 0.292 K 06 1.60 .415 0,453 q.4S4E- U l 0.450E-01 D.598 E-03 60 , 

9,49 " ""~" 

1 50,0 0.5e4E-0 0,573 7.12 0,273E 06 1,66 0.35b 0,344 0,345E-U1 0,419E.OI 0,557E-03 56,4 

7.12 _ ^ _ 

1 55.0 0,3eOE-0 0.522 5,99" 0.260E 06 1.72 0.346 0,294 0.295E-D1 0,430E-01 O,572E-0S 57,6 

5.99 
2 0.0 0.341E-0 0. 512 5.65 0.290E PC 3.76 0.352 9.'279 0,260E-01 0,446E-0 1 D.39 3E-0 3 59.3 

5.6b ■ 



i 
z 

2 

"2 

2 
2 


^.0 
10.0 

1?.0 

>0.0~' 

25.0 

30,0 


0,327E-fl" 

0.320C-0 

0.317t-0 

0T3l5t-0~ 

0.313E-0 

0.313E-0 


O.^no 

b.3fe 
,»sa 


3 T't ? ■ '~ 

S.36 

5.32 


0,293r 

o..■^^t 


06 
Of. 


~i;bo — 

1.80 
l.HO 


D.3S8 

0.353 
0.3b3 


' or.»TO 

0.266 
0.265 


B.«Tie-Ul"""D.ttVfr-Ol U,B»7E-0S 
0,267E-01 0.450E-01 0,999E-03 
0.2b6E-01 U.>»50E-01 0.596t-03 


— sr,*"^ 

59,7 
59,7 


.**^7 
b.31 

O.ngb 
b.30 

O.Hgb 
b.30 

b.21 
. '» f, 7 

0.'*36 
M.Cb 


5,31 

5.30 
5,30 


0.292E 

O.Z9tE 
0,y91t 


Ub 

Ob 

Ob 

~Ofa' 

Of. 
06 


1.80 
1.79 
1.79 


0.3b3 
0.353 
0,353 


0.264 
0.263 
0.263 


0.265E-U1 
0,26HE-U1 
0,26«»E-Ul 


0.449E-01 
D.M^SE-Ol 
0,H»f7E-0l 


0,597E-03 
0,596C-03 
U.59<lE*09 


59.5 
59, <♦ 
59.2 


2 
2 

2 


5S, 

40.0 
^5,0 


0.2^9E-0 
D.191E-0 
0.99»tt-0 


5.21 
4.66 


0.2a6E 

0.27'*E 
0.Z59t 


1.76 

1.69 
1,59 


0.3^9 
0.33b 
0.317 


0.259 
0.2MA 
0.292 


0.260E-U1 
0.2HeE-01 
0.233C-01 


U.44UE-01 
0,<*22E-01 
0.39SE-01 


0.585E-03 
0.561C.03 
0.529[;-03 


9B.H 
56. t 
93.6 


2 

3 

-^ 
M 3 


5C ,0 

55.0 

0.0 

10,0 
15.0 


O.HBbL-l) 
0.26qE-0 
0,16U-0 

" ' 6.rflrE-o 

0.765E-0 
0,575E-0 


0.37^ 

0.152 
1.E.2 
O.U 
11, U 

d.ij" ~~ 
O.U 
O.U 

o.u 
o.u 
o.u 


M.02 
1.62 

0.0 


0.22ME 
0,903E 

0.0 


06 
05 


1,3a 

0.556 
0,0 


0.27fc 
0.111 
0.0 


0.200 

0,e05E-01 

0.0 


O.dOlE-01 
0,80aE-02 
0.0 


d.jitSC.oi 

0.139E-01 

0.0 


b.HftvC-oS 

0,0 


06.8 

ia.9 

O.B 


0,0 

0,0 

0,0 


0.0 
0.0 


- - 


0.0 

• •0 

0,0 


0.0 

0*f 

0,0 


0.0 
0.0 
0.0 


0,0 

0,0 

0,0 


0,0 
0,0 
0.0 


0.0 
0,0 


0.0 
0«0 


3 


0,0 


0,0 


^0 , 


O.UOIE-O 


o.u 
0.0 


u.o 


0.0 


_ ,... 


0.0 


0.0 


0.0 


0.0 


fl.O 


0.0 


O.o 
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SWMM WOHKSHOP - RUNO(-h BLOCK 

EXAMf-'Lt NO 1 - 2YH UtblGN SIOMn, HUOF LEftOElRS CONNrCTED 



SUMMARY OF QUANtlTY atiU QUALITY RtSULTS AT LOCATION HUP 



FLOW IN CFS ATJU QUALITY IN MG/L (AN[) COLIF IN MPN/L) 





JI_"E 


_ __FLPW 




bUU 
SUS-yNL 


___i;us-b 


COLIH 




COU 


SLT-S 


NIT 


P01 


.. eHEASE 




PB 


CL 

























5,0 


0.360E- 





o.u 

o.u 

1-^.0 

14, u 
5.^.5 

lh.5 

20 . 2 
3'*.6 


o.u 


0.0 




0,0 


O.U 


0.0 


0.0 


^.0 




Q«() 


0,0 





10,0 


O.aObf 





0.201t 04 


0.123L 


07 


121, 


0.535 


0.637 


D.611E-01 


U.190 




0.252E-02 


236. 


a 


15.0 

20,0 


0.161E- 






0,161E_01 
0.109t 01 


O.ilSE 
0.158E 


7_ 
07 


156. 


0.616 


0.763 


0,78BE-Ul 


0.226 




0,3Q1E-02 


286. 





166. 


0,692 


0.665 


o,a7oe-oi 


0,213 




0,323E-02 


306. 





25.0 


0,170 




fefe^ji 


0,162E 


07 


155, 


0,742 


1.01 


0.101 


0,219 




0.351E-02^ 


317. ~ 





3 . _ 


0,402 




105. 


D,161E 


07 


121. 


0.662 


1,11 


0,112 


0,217 




0.329t-02 


315. 








26,6 



























J5.0 


0,766 




2(1 . U 


IXt* 


0,155E 


07 


66.0 


1.11 


2,00 


0.20U 


0.256 




0.316C-02 


301. 


Q 


HO.O 


1,12 




41.6 
l',3 
6b, 9 


wm^ 


0,115E 


07 


lfl.7 


2.01 


3.11 


0.311 


0.223 





0.296G-02^ 


265. 





■+5,0 


3.72 




13.0 


595. 


0,125E 


07 


21.2 


6.61 


6.69 


0,669 


0.192 




0.256E.02 


216. 


, 








149. 


























50»0 

55,0 


5,99 

4.77 




1U,7 
166. 
7,61 




D.ioor 

0.764E 


07 
06 


10,2 
5.12 " 


12.9 


7,69 


0,770 
0,611 


0,195 

0.116 ' 


-- 


0.20SE-02 


196. 





H.7 


6.11 


0.156e-02 


192. 










132, 


























0,0 


2.72 




1,26 


167. 


0,575E 


06 


1.06 


1,3a 


3.29 


0.329 


0.6eMC- 


01 


0.118E.02 


ll**. 








71,2 


























5.0 


2.06 




2,91 

2.21 
Jb,b 
1.56 
2J.9 
1.31 


lM%i 


0.530E 


06 


3.62 


0.S01 


2.16 


0,219 


0.615E- 


01 


0,10BC-02 


101. 




10,0 


1.51 




122. 


0.466t, 


06 


2,98 


2.09 


i.66 


0.166 


0,718E- 


oi~~ 


"0,931E-b3" 


" 92.3 ~ 




15.0 
20.0 


1,09 
0.B91 




121. 


0.112E 


06 


2,60 


0.656 


1.12 


0,112 


0.633E- 


01 


U.812E-03 


81.6 




0.3e7E 


06 


2.11 


0.6B6 


0.917 


0.91BE.01 


0,595E. 


01 


0,79lE-03 


76,9 


- - 


25.0 


0.713 




19.6 

1.14 
16.1 


127, 


0.363E 


06 


2. SO 


0.686 


"" 0,77i 


0.772E-U1 


0.556E- 


or 


0.712E-03^ 


71.9 




30 , 
55,0 


0.65b 
0.596 




1.03 


127. 


0.350E 


06 


2.21 


0.518 


0.693 


0.695E-01 


U.536E- 


01 


D.715E-03 


69.2 




11.7 
0,965 


127. 


a,339E 


06 


2.11 


O.blO 


0.639 


U.610E-01 


0.521E- 


01 


0.693E-03 


67.0 




to.o 


o.iei 




13.5 

0,067 

12,3 


7G,5 


0.323E 


06 


2.03 


0.192 


0,561 


0.582E-01 


0,197E. 


01 


0.661E-b3 


61.0 




4 5^0 


0.276 





0. '65 
10. 3 


o.seo 


Q,299E 


06 


1.67 


0.136 


0.169 


0.190E-01 


U.160E- 


•01 


0,611E-03 


59,1 




























50.0 


0,123 




0.625 
7.98 

O.tjSl 
6.11 


9.15 


0,276E 


06 


1.72 


0.371 


0.363 


0.3S1E-01 


U.121E. 


• 01 


0.561E-03 


59.3 




55,0 


0.713E 


-0 


6,50 


0.277t 


06 


1.73 


0.315 


0.311 


D,315E-U1 


U,127E- 


01 


0.567E-03 


55.6 


? 


0.0 


0.656E 


-0 


5.91 


0.2B9E 


06 


1.B2 


0.317 


0.290 


0.291E-01 


U.IISE- 


• 01 


0.S92E.03 


97.6 




S.90 















2 
2 
2 
Z 

z 
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5.0 

lU.O 

15, n 

20. G 

3u. n 

35.0 

«5,0 

• 

50.3 

sr-'.o 

0,0 
5,0 

10,0 
15,0 


3.6r(*r.-o 
o.femE-o 

0,feOf^E-0 

~0,60Ve-U ' 

0,bU^L-0 

o.6piie-u 

O.'+O JE-0 
0,23UE-0 

o^Hbe-o 

U.fc51E-0 
O.i+OOE-O 
"0". 25tE~-0" 
0.176F. -0 
0, i;^9t-0 


. b J U 

5. fib 
0.5?7 

5.5b 
0.b?5 

b.50 
" O.bji* 

b.Ma 
0,t>?3 

b . M 7 
0.5?i? 

b.t*7 
O.bi J ' 

0.'+fl7 

5.15 

O.Mijy 

•4.76 

O.^Ofc 

0,3?5 

3.r)7 

. i? .1 7 

b.-^ogE-oi 

0.^65 
0.0 
, ' 

o.u 
o.u 


5.6f. 
5.55 

5.bn 

^ 5;4e 

5,47 

"5,39 

5.13 

t.76 


0.295r. 
0.297E 

o.zyoE 


06 
06 
06 


1.05 
1.67 

i.er 


,iH'i 
O.3b0 
,351 


0,260 
0.275 
0.273 


0.2«1E-U1 
0,276E-U1 
0,274E-U1 


0.45'4E-01 
U,457E-01 
U.456E-01 


0.603E-D3 
O.608E-O3 
0.609E-03 


58.4 
58,6 
56.8 


0.296E. 
0,297E 
0.29&E 
0,292E 
0,27Pt 
0.259E 


Ob 
06 
06 
"06.' 
06 
Ob 
06 
06^ 
06 


i.e? 

1.87 
1.87 


0.351 
0.351 
0.551 


0.272 
0,272 

0.272 


0,273E-01 
0,273E-U1 
0.272E-01 


U.45eE-01 
U,457E-U1 
0,«t56E-01 


0.609E-03 
0,608E-U3 
0.606E-03 


58,8 
be. 6 
58,5 


2 
Z 
2 
2 
2 


1.83 
1.61 


0.3^7 

0.33b 

0.316 


0.267 
0,237 


0.268E-U1 
0.256E-U1 
0,237E-U1 


0.'*49E-01 
0.M26E-01 
0,398E:-01 


0,596E-03 
D.569E-03 

U.530E-03 


57.6 
55.1 
51,7 


M ,32 

3.57 
2.51 
"^rVb5 
0.0 


0.23&E 
0.19ftE 
0.136E 


1.46 

J. a I 

0.856 


0.291 

0.2m 

0.171 


n,215 
0,177 

0.125 


0.215E-01 
0,176E-Ul 
0.125E-U1 


0,363E-0l 
0,301E-01 
0.213E-01 


o.^a3E.o^ 

o.*40ie:-o3 


147.6 
39.8 
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i 

_ 3 


0.2e3E-03 


28,2 


. 532E 

0.0 

0.0 


U5 


,329 
.0.0 
0.0 


0.6bHE-0l 
0.0 


0.4eOE-01 
0.0 


0.482E-02 
0.0 


u,a;BE-02 

0.0 


0.109E-03 
0,0 


10. a 
0,0 


"a 


0.0 


0.0 


0.0 


0.0 


0.0 


0,0 
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"or^Tyt-o 


.(/ 

o.u 
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0.0 
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0,0 
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TOTflL" SUSPlNUeO SOLIDS (iNCLUUlNG S757 FROM "CHOSIONT THfiNSFERREU TO THL SrWtH^ FROM INLET AREflS DURING **0 TIHE STEPS 



iriLET KHOSIOPJ FL'JW SOIL CHOP*^irjG CONTnOL 

NO. flHtAlACHLSI LtNtlHlfT) TYPt(K) F-fiCTOR FflCTOH 



tROSIDN TOTAL 

S.S, IMlil S.S. (MG) 



n.o 


o.n 


0,0 


0.0 


,0 


0.0 


. 70 


110.00 



0.0 
0.0 

0, u 
0.^0 



0.0 0.0 n.o 0,«f.6'4t 07 

0.0 0,0 0,0 o.ToagE 07 

0.0 0.0 0,0 0,41blt 07 

1.00 1.^^0 O.tui^El DB O.M^2eE 06 



TOTAL LHOSION COrJTM IHUT i ON 



TOTAL SUS-S 



0,40323E; oh Mb 



0.&3l97t OB MG 



66, a Lb 



159.2 LB 






RUNOFF BLOCK WORKSHOP EXAMPLES NO. 2 AND NO. 3 

2nd EXAMPLE 

Assumptions : 1) All roof leaders are connected 
2) 5-year design storm 

Five-Year Design Storm: 

5 min .18/in hr kO min 1.46 in/hr 75 min .^0 in/hr 

ID .20 kS 4.^3 80 .35 

15 .23 50 1.87 85 .31 

20 .27 55 1.06 90 .28 

25 .33 60 .7^ 95 .26 

30 M 65 .57 100 .29 

35 .65 70 .47 



3rd EXAMPLE 



Assumptions : 1) No roof leaders are connected. 
2) 5-year design storm. 

New Imperviousness " Area #1 = 21.5^ 

n - 19.0°^ 

#3 = 14.7^ 



56 



SWMH WORKSHOP - flUNO(-F HLOCK 

tXAMPtt NO, 2 - SYH DtSlGN STOMH, HOOF LEADLHS CONNECTtU 






BASIN NUMBtH 



NUPIOtR OF TIML STEPS HO 

INTIGRATIUN TlMt INTLHVAL iniNUlLS). 5.00 

25.0 PEHCLNT OF IHPERUIOuS AHLA HAS ZEHO PLTENTION DtPTH 



EROSION FOR SUBC ATCHMtNTb IS 10 BE nOULLEU. 
HIOHCST SO MIN, KAIN INILNSITT iS 1,70 IN/HR 

FOR 21 HAirjfALL SUPS, I Ht Tint IWTEHVAL IS 5.00 MINUTES 



FOR HAINbAGE NUMHEH 



RAINFALL HISTORY IS 



0.21 
1.0b 
0.0 



CI. 2 
CI. 74 



0.?i 
0.57 



0.27 
0.47 



0.35 
O.HO 



Q.H5 
0.35 



DEGHEL HOUH MtLT HATE = 0.0 
TEHPEHATUKE OF SNOW BASE = 3D.0 
WIND FACTOR = O.UOSOU 



GAHHA FACTOR = 



0.07913 



TEMPERATUME AT EACH TIML STEH 
HO.O 40.0 40. U 
40.0 40.0 40. U 

'♦0 -P .'♦0 '.O '*o • " 

4 0.0' 40". 4 0.U 



40.0 



0.65 
0.31 



1.46 

0.2a 



4.43 
0.26 



1.B7 

0,24 



40.0 


40.0 


40,0 


40. 


40.0 


40.0 



40,0 



40.0 
40,0 
40.0 
'40,0 



40,0 
40,0 
40.0 
4 0.0 



40.0 
40,0 
4 0^0 
4 0,0^ 



40.0 
40.0 

40.0 



40.0 
40.0 
40.0 



40,0 



"5 









P 



oo 



HYDROGRAPHS WILL UE LlSTLO f UM T HL J-OLLOWING 
100 200 iOU H[)0 



«t GUTTEKS OH INLLTS 



GUTTELR 1 SUKCHftHGEDt SUHCHAHliL = 275, CU FT 

GUTTER 3 SUKCHflHCLD. SUHCnAMbL = 25y. CU FT 

GUTTER 4 SURCHAHGLD. SUfiCH/VHbL = llbO. CU FT 

GUTTER 1 SUHCHftKGtU» SUHLMAHIjL = 7bfa. LU FT 

GUTTER 2 SUKLHA^Gt.D» SUHLMAMbL = 159. CU FT 

GUTTER H SUKCHAHGLQ. SUMLMAKbL = Ziyt. CU_FT 

GUTTER 1 SUKCHAmGEdI SuhCHAnGL =' 9U2. Cu FT 

GUTTER 1 SURCHARGED. SURCHrtKUL = 2950. CU FT 

GUTTER 1 SUHLHAHGEDi SUKCHAKGL = bf.b. CU FT 

GUTTER H SUKCHflHGEO. SUHCMANbL = 2759. CU FT 

GUTTER 1 SUMCHAMGED. SUhCHAHGL = 1. CU FT 

GUTTER 4 SURCHARGED. SUHCMAKGE = 21flb. CU FT 



GUTTER •* SUKCHAHGtO. SUHCHAkGL = 10^9, CU FT 
IHC206I IBCOn - PROGRAM IfjTEHNUHT (P) - UNDERFLOW 



hLOW s 

FLOW = 

fLOW = 

t^LOU = 

t-LOW = 

eLOu = 

FLOW = 

FLOW = 

HLOW = 

FLOW = 

FLOW = 

FLOW = 



3,8 CFS. TIME 

6.2 CHS. TIME 

e.O CFS, TIME 

5,8 CFS, TIME 

5,6 CF5, TIME 

_6 , g _t F 3 ._ T I ME_ 

5,8 CFSt TIME 

8,0 CFSt TIME 

5,8 CFS. TIME 

a.O CFS. TIME 

3,8 CFS. TIME 

6.0 CFS. T1ME_ 

6,0 CFS. TIME 



2700,0 SEC 
2700.0 SEC 
2700,0 SEC 
5000.0 SEC 
3000.0 SEC 
_30D0,U SEC, 
330U.0 SEC 
3500.0 SEC 
3fc00,0 SEC 
5600.0 SEC 
5900,0 SEC 
3900.0 SEC 



FLOW = 6,0 CFS. TIME »*200,0 SEC 
OLD PSW IS FFF50U0DA216CB9C • REGISTER CONTAINED 



701000003CUaoOOO 



TRACEBACK ROUTINE CALLLD FHKM ISN HLG, l4 REG, 15 REG. 



REG. 



WSHEO 

HIOHO 

RUNOFF 



0096 
0010 
UUbl 



H2165C5C 
b2ir:bOUA 
4;;iitbE22 



ODl&CICO 

ooi&smo 

0016HEF0 



00000098 
OOOOOUOl 
OOOOOOOl 



00000000 
0016502C 

oooouooo 



0U017982 



MAIN 

ENTRY P01NT= OlliiSSCO 
STAfJOARO FIXUP TAKEN « LXLCUTIUN CONTINUING 



oii<ts:>CQ 



Foouuuua 



00iaF7F8 



IHC208I IbCOM - PK06RAM INTLHHUHT (PI - UNUEHFLDW OLD PSW IS FFFb000DA216CB9C . REGISTER CONTAINED 7D1000003C O" 



_TRAtEBACK ROUTINE CALLLD FROM ISN 
WSHED UUVb 

' ^bo'io 

00t)l 



HYDRO 
HUNUFF 

MAIN 



REG. 14 
421bbCbC 
"fa^lfabOfcJA" 
'*21tbt22 
UOO 1/982 



REG. 15 
0U16C'*C0 



RFG, 
l)OOUU098 



REG. 1 

UOUQUUUU 



ooibbmo 

00164LF0 

oimsbco 



OOOOUOUl 
OOUOUOUl 

Foouooua 



0016b02C 

uououooo 

OOlttF 7Fti 



ENTRY POINTS OllMSSCO — — — 

STANDARD FIXUP TAKEN , EXtCUTlUN CONTINUIMG 

IHC208I lUCOM - f'F<06HAM INTLRKUHT (PI - HNUFKFLnu OLD PSW IS FFFbOOOOA21feCB9C 

tlACCBACK ftOuTlNL ""CALLLD FHUr ISti RLO, It PEG. 15 REG." Htb. 1 

WSHEO 0096 tPlftbCbC OOlbCHCO nooouc98 uooououo 

HYDRO 0010 fc21bb0bA Ol)16bl'«0 UOUOUOUl U016b02C 

R'UNOFT^ OObl H2mt>L^2 "001fa4LF0 llO0O(JO~ai UODQOUOO' 



REGISTER CONTAINED 



7O10U0003C00Un00 



J^AJ^ iiLioi/ye? nii4b'jL0 moouooH ooieh7i-H 

ENTHY POINTr 0114bbCU 

STANUrtHO FIXUP T/\KfN . tXfCUTlUN COrjTIfJUlMb 

IHC20fll IftOM - I'MOGRAI" iMTLHHU;'! (D - MNOCHFLOW OLO )'5W IS "f- f F ^n U UDfl 2 1 6Ce9C 



HLtilSTtH CUNTftlNtn 7O1OOOU0 3CUUO000 



*fit*l U uu'Jt ^;^ll.■JC■■JC 

"" ' HTUHO '' OUIU 621febOBA 

HUNOFF 0051 *iZmb^?Z 

STAfJjARU FIXUC TAKFN . tXfLUTlU^ CUNTlNUlfJb 



nfllhCMCO 

ooib5i4"d ooouuooi 

001fc4t:FO OOOUOOOl 

nimbbCO FDUUUOUB 



IIQIlUUUgH utiuouuou 



0U165U2C 
UOOOUOUO 
0016^7F6 



U3 



TOTAL RAl-N( ALL ICU FT ) 

TOTAL I'.t^ ILIHAT lOf^ (CU F]( 

TOTAL GUTTtH FLOW AT irjLLT (CU FT) 



U.155H69t: 05 

o.i!oi/2e[: 05 



TOTAL SUHFfiCL STORAGt AT CND UF STOHH (CU FT ) . '49'*14bE 03 
TOTAL SNOWMELT (TU FTl ^ " ' ' ~~' ,6fi'iZ'Mt~ O'i 

EF-ROF IN CONTINUITY. PtHLTNTAtL OF RAINFALLi -7.92020 



•••*• SUMHflHY Of final' snow CONOITIONS ••**• 

WATERSHtU_ SNOW C OVtHLU AHLA ( SUFTt DtPTH Of SNOW <FT I FRte yfljER (FT) 

if^^'ERv Ktnv pptRv PtHv inpcRv pEhu" 

1 1352S. H77e5. O.a „ ^^ 0,02156 0.0 _ 0,000«*3 

2 IZfeBB. liB330, 0.0 O.OSISB 0,0 O.OOOtA 



* ^^2b. mbMo. 0.0 0.021S8 ~o7o u.oou^j 

** 2066.^ aO<*fcO. .^,_ 0.0 O.OZlsa 0,0 __._ O.OOOHA 



o 



fT Riw flu. ' 17 V rrpcn a v rr 



BrtiSiV hQ' 



HfllNrflLL 
IN 



1 

I' 
i 

1 

•t.ooo - 

I 

I 

t 

i 

__ 1 

i 
I 
I 
I 

3.000 - 
I 

I 
I 
I 
1 
1 
-I- 

I 

2.000 - 
1 

i 



* * 

• * 



* « 

* * 



* ♦ 

* « 

« * 

* * 

* « 

* ♦ 

* « 



.000 - 

1 

I 

I 

I 

I 
r 



0.0 



« 
I *••« 

•••••• 

I 

I ---!-. 

0,0 0,5 



• * ' 

* • 

» * 

« * 



*• 



** 



♦ * 

1.0 1.5 



2.0 



2.9 



3.0 



3.5 



— I-' 



•-I- 
•t.5 



-I 
5.0 



Tint. IN HOURS 



KftlNGftGt LtGtNU 



1 3 • 



INLLT HYDflOGRflHH 



BASIN no 



10»000 



B.OOO 



«*****«* 



6.000 






RUNOFF 

in"" 

CFS 



(f.OOO 



2.000 



* * 



0,0 **•*♦♦ I -• 

0.0 0.5 



■-I-- 

1.0 



-I-- 

l.S 



2.0 2.b J,0 



■-!-■ 
3.5 



■-I-' 



•-I-- 



-l 
S.O 



SWMM WOHKSHOP - MUNO^-^ HLUCK 

tXArPLt NO. 2 - 3YK UtSlUN STOHM, HUOF- LFQIIIlKS CONNfTTtU 



SUMMAfir Of- QUflNMTY ANU QU;\l.nY HfbULIS AT LOCATION 1 (J 



MOTE «fv><.iA6lt-ir y OOF TO 



FLOW IN Ct-S ANU QUALITY IN Mi;/L lANU COlU IN MPN/LI 





TIME 


FLOW 




bUO 
SUb-bNt 

O.U 

o.u 
'lu .b 

9. 92 
49, fl 


bb 


SUS-b 
, 
9.92 
13.2 


0,0 
0.914L 

^.118F. 

0. I2fct 
Q.121E 
0.12(ir 
J.11?F. 

O.J out. 

.H44fl 


06 
07 

07 
07 

07 
07 
7 
Ob 
06 




Sf.T-S 

0.0 

0,102 

.523 

O.b03 

D.Bll 

1.12 

l.bl 

3,54 

6*07 




NIT _ 
0.0 
0.518 

0,687 

0,920 

1 .11 

1,99 


P01 

0,0 

0.521E 

[J.69UE- 

0,924E 

0,141 

0.199 


'01 
-Ul 


__GKt.ASt 
0.0 
0.141 
0,182 


,u 

U.187L-02 
0.212L-02 


0.0 
192. 
219^ 












5.0 

10,0 
15.0 


0.142E-0 

o,H2ec-o 
o.54ie;-o 


0.0 
127. 

112. 
99.5 

56.7 _ 
21.1 

9.23 
2.86 










20.0 
25.0 

50.0 


0.137 
0.519 

0.H82 




1J.2 

M*J.2 
1«.2 
Ji-.l 
2^ , (* 
19,0 


18, 2 
29.0 
42.0 
55.9 
91. 1 
74.9 


,194 
0,191 

0.181 

0.1 73 
0.151 
0.684E-01 


0,257E-02 

0.255E-02 

_ 0,215t-02 

0.230E-U2 
0,205E-U2 
U .909E-U3 


265. 
262, 
252, 











J5.0 
40,0 
45,0 


0.6&b 
1,23 
3.52 




12 . 
9.21 
5b. 9 
fc.,19 
91.1 
-0.:>04t 


2,61 

1.21 

3,ia 


0.262 

0.121 
0.318 


23b. 

211. 
-0.363E 


27 




c> 


SO.O 

bS.O 

0.0 


5.M8 




7'«.9 

-0,^27L 

9^.3 

0.bT3L 

60 . ^4 

- , 1 1 ^ t 


bfa 


95.3 


0.477L 


2.93 


8.91 




1.13 


0.113 


n.734L-01 


0,976E-03 


-0,26bE 


27 







1.29 
2,71 




b5 
bb 
b<t 
b4 
bH 
52 
b2 
bu 

H9 

4t) 
4^ 

HH 

43 

43 


68.4 
68.7 


. 3 5 ? (. 
0,351f 
0.497t 
D.427L 
-0.158L 
, 7 f. 5 F. 
O.bblF 
D . b44f 
0.5U9F 
0.4 flit 
. 4 ft 4 [ 
0.4521 
, 445( 
0,4'42L 


06 
Ob 
Ob 
Cb 
Ob 
Ob 
Ob 
05 
Ub 
Ob 
Ob 
Ob 
Ub 
05 


2.17 
2.16 


6.02 
5,25 




3. 16 
3.19 


0.311 
0,319 




0,542E-U1 
D,539L-Q1 


U,721t-03 
0,717E-03 


0.722E 
-0.182E 


26 
26__ 

2b 

25 
2b 
23 

23 
22 

20 

ly 

1^ 

lb 

14 
11 






5.0 
10.0 
15,0 


1,95 

1.31 

0,998 




fcb, / 

O.ifilL 

9b , 4 

-n.lhHL 

(iU .9 

0.1 12t 


9f>.4 
8(3.9 
-38,9 
8.41 
3. 80 
3.67 
3.U3 
2.t.9 
2.30 
1.75 
1.20 
1.00 


3.06 
2.63 
-0,975 
0,171 
0.541 
0. J35 
0.313 
'J . ? 9 7 
0.266 
0.278 
0.^74 
0.272 


6.63 

5. 5U 
-2,75 
0.111 
0.116 

. ibn 

0.120 
0. 1Mb 

. 'n 6 L 

D. 74bL 
.626f. 
0,595i:' 




1.4P 

3.75 

-1,81 


o,i'*a 

.375 
-0,181 




0.765L-01 

,658E-U1 
-tl .243E-01 
U.llflE-01 
U.Bb2E-02 
U.837E-02 
f>.782t-02 
U .743£-02 
n.?l4L-U2 
U.695L-02 
n .6b4L-U2 
O.beOL-02 


0.102L-U2 
U,671E-U3 
-U .323t-U3 
0,156E-U3 
. l]5t-UJ 
U . lllE-03 
. 1 04E-05 
,988E-U4 
U , 949L -U4 
. 924L-U4 
U.9ayL-'J4 
U.90Jt-Oit 


0,459L 

-0.212E 

0.111E 


(I 


- J 


20.0 
25,0 
iO,0 


0.739 
0.587 
0,171 




-i" . "^ 

-0.b59L 

8.41 

O.llfiL 

5.P0 


-01 
-01 
-01 
-01 


0,389 
0,176 

U.171 
0.142 
U.12b 
U.106 
0,82BL-Ol 
U . 5 ft H. - tU 
, U,4a9E-01 


0.390E 
0.177r 

0.171f 
0.112L 
. 126r 
. 1 U ft („ 
0.B29L 
O.bBif 
U.491F 


-01 

-01 
-01 
-01 
•01 
-Ul 
-02 
-U2 
-U2 


-0,701L 

0.14bt 
-0.117E 

0, 74et 
-0.155t 
- U . 4 ? 7 E. 
-0,159L 
-0. 339L 
-0,132t 






35.0 
10.0 
15,0 
50,0 
55.0 
0.0 


0.103 
0.35b 
0.237 




3.6,7 
,riS3E 

5. f> J 
-0.123L 

2.f,4 
- U , 3 1 9 L 

<; . .^ 
-0 .l.'>fi>L 

1 . 7b 

-o.^f-9E: 

l.^U 
-O.lObL 




2 


0.817E: 
0.294t 
0,293E 


-0 
-0 
'0 












I. 00 " 















, ':» 1 y 

2 In.D li.i;71f-D -O.lSf.L 4;^ O.PHW imaBL Ub U.Pftq 0.&7/L-U1 U.^ifeE-Ol U.437E-U2 0.&73E:-02 0,895E-[m -0,197E 15 

n .HflM 

2 Itj.O 0.;;5fL-0 -O.b^^'a ^l U.hl.h O.mbl Ob 0.26R O.b/SL-ni U,'42eL-01 U.i+i!9t-U^ U.fa/lE.-02 U,892E-0<t -D.787E l^ 

"2 20.0 0.13gr-n -O.^giL -il o.UH? " r/'*35rTS"^U.2fe7 "0,"57.iE"^01 O.m^E^Ol a7^20C-U2 0;66'9E-T2 0,e89E-U^ -0,3bbE lit 

ri .Hi* 7 

2 c'3.0 D.H5?t-(; -0.17bL ■< 1 0,023 0.^3^f OS 0,2feft U.Sb9t-01 O.'+Oflt-Ul U,4U9t-02 U.66^t-0^ 0,8e2E-U»t -0.220E 12 

2 30.0 O.lUfcE-U -O.l.U'L <* 1 0.fiU4 0.H27E Ob 0,263 O.bbtL-01 0,399E-01 0,M00E-U2 0.6S8E-0Z U,e7tE-0<* -0.173E 12 

. ') *♦ 

2 35.0 0.5SfE-0 -0.b*,8t UU U.tOO 72 ifTTb r.T3Z " ~b.aa2E-0l QVi99E^^l (r,X99E-0Z 0.329E-02 O.HSTE-OH -D.flOHE 11 

2 40.0 O.iUVL-0 U.U 0.0 0.0 0.0 0,« ,f^rt: *,,# '*,« ^9 " 0.0 



CTs 



.u 

2 45. D 0.2«2L-0 fi . U 0.0 0.0 0.0 e.« «,» 0.0 0.0 0.9 0.0 

o.u_ _ 

^ 5c. 'o.21bt-0 o.u"" o.G 07fi"~ OTO 6",^ o.o d.o b,o~^^ oTo o.T" 

0.0 

2 55.0 0.171L-0 0.0 0.0 0.0 0.0 #^0 t:## _ ||.0 0,0 0.0 . 0_^ 

3 0.0 O.lMUt-0 O.u 0.0 0.0 0.0 0,0 0.0 0.0 0.0 0.0 0.0 

O.U 



Z-.OC,/\T/OAJS :lj£>^, 300,-400 



4> 3 "'5.0 o.llbE-ff n.u " 0.0 'b.o 0.0 0,0 oTo o.o TTo oTo oTo" 

o.u I ' 

3 10.0 0.9eOE-0 o.u 0.0 0.0 ^0... 0»o. __ _0.0 _ _ &,0 .0,6 0,0 0.0 

3 15.0 0.B59E-0 O.U 0.0 0.0 0,0 0.0 0.0 0,0 0,6 0,0 0.0 

_ O .U 

"5 iO.O " 0",726£-0"^ir."D BTD^ 0";75 0,0^ THS 0.0 076 '~e^ iTTo oTT 

O.u 



TOTAL SUSPENOED SOLIDS (iNCLUUiNG S.S, FROM EHOSfON ) THANSFtHHEU TO THE SEUEH FROM"iNLET AHEAS DURING 40 TiMt STEPS 



INLET 
NO, 



EKOSION 
AHLAIACKt S) 



FLOW 
LENGlMtF T t 



0.0 
0.0 
0.0 
0.76 



D.O 

0.0 

0.0 

110.00 



SOJL 
1 YHL IK ) 

O.U ' 
0.0 
Q.O 
0.^0 



L HOPPING 
FACTOR 



0.0 
0.0 
CO 

1 .00 



COI\iTROL 
FACTOR 



0.0 
0.0 
0.0 
1.20 



LRUS ION 
S.S. I Mb I 



TOTAL 
i.b. IMG 1 



0.0 O.lZHbt. 08 

0.0 O.gOtlE 07 

0.0 0.fc670E 07 

U.lObBE 09 O.im'tE 09 



TOTAL EROSION CONTHIHUTION 



TOTAL SUS-S 



CTN 



0.10679E Oy HG 



^2b.^ Lti 



0.1<4236E 09 HG 



313.6 LB 



- — — .-«.. 



SHMM WORKSHOP - RUNtlt-f- HLOCK 



ETSArMi'uE I 



llflSIM NUMHLR 1 



INTtORATlON TIML irjTEHUAL (MlNUILb), 5.U0 , 

25.0 PEMCLNT OF IMPERVIOUS AHLA MAS ZLHO DLTENTION ULPTH 



eftosiTTN^DTr^strbc a t c hh l n t s~rs"Ttr het moulL to* 

HIGHEST 50 MIN, HftlN INlLMSiTt IS 1.70 IN/MK 

POH 21 RAINFALL STEPS, ) mL Tint INTERVAL IS 5.00 MINUTES 



FOR RaINGAGE number 


1. 


RAINFALL HISTOKT IS 












0.21 0.20 
1.06 0.7*+ 

0.0 




0,23 0.27 0.53 
0,57 C.47 0,40 


0,35* ~ 


0.65 

" 0.31 


1.H6 

0,26 


0.26 


i,flr 

0,21 



TEMPEKATURE OF SNOW bASt = 30,0 

HIND FACTOR = O.UQbOO 

~6?fMMA" Factor = oTo^^n 



TtMPERATUHE flT LaCH TIML STlP 

•tO.O t+O.O 10,0 i+O.O 40.0*1+0.0 HO.O 40.0 40.0 40.0 

tO.O 40.0 40.0 40.0 40,0 40.0 40.0 40,0 40,0 40,0 

40,0 **Al^ '^ty 40,0 4 0^^ '!^^_ ____t? ' ° ?* ^ *0 *♦ 0.0 40.0 

40,0 40,0 40. U 40.0 40,0 40^7o" ~" ~ 4 6','6 4^0 4 076 4 070" 



X 
CM 



SUHCflTCIinLrjT UATA 



_S U ti CJ\J^ H - G\n T LH W I U 1 H 

MtNT NO." UK INLlT I> T ) 

1 1 10 ] L ;■ 1 , u 

t* H '10 5 7 9.U 



AHLA 

( 7\ L r 






y.4 21 .b 

1 , 'i 1 ■:* . U 

U ,S 16,0 



TOTAL NUMHLR OF S'JRC ATCHMEMTS . 4 

TOTAL THItiUTAKY AKLfl lALME.b], G.fcl 



0-- 



SlOPL 

"{FT/TtT 

U.D30 
O.OjO 
U , .5 
0,030 



RESISTftNCL FfltrOH SUHKflCE STOKflGttlNl 



INFILTHATION DECAY HflTE GftGL 



IM^'E^'V. 



PtKV, 




e^£i&UiLEJ 



inPE.HV, 

0,062 
0,062" 
0,062 
0.062 



PtHV, 

o.lB^ 

O.IBH 
0,1B4 
0.164 



KATt I IN/HH) 

HAXinUM MINinUM 



5.00 
3.00 
3.00 
3.O0 



M£^e.VXO W^ISi E£>S 



0,52 
0.b2 
0,52 
0.S2 



(1/SE.CI 

O.OOllS 
0.0011b 
0.00115 
0,0^15 



1 
I 
1 
I 



00 



HYDROGRftPMS HILL BE LISILD FOH THL FOLLOWING 
100 200 3UU HUD 



H GUTTTRS OH INLLTS 



GLiTTeH M SUKCMrtHGLU' SUHCHflnhL = 

'".UTTER 1 PuKCHflMGLO. Sul^ChAMGL = 

"GUTTER " 4 SURCHflt^GtLJ • SUKChakGL - 

GUTTtR «♦ SURCHrtft&tO. SUHLMftNbL = 



^1 "mT ,"' ':; u TTTTlow = 

^>^e, CU H , ^LOW = 

•36, CU FT, FLOW = 

715* CU PT. ^LDW = 

•i^g, CU FTt t-LOH = 



\5.8 CFS. Tint 

e.o ct-s. Tint 

3.8 CFS. TIME 

e.o CFS, Tint 

e.o ci^S. TiMt 



3000.0 SEC 

3000.0 SEC 

5300.0 SEC 

3300.0 SEC 

3600.0 SEC 



"THr?ff5I~TRrCF~^ PROafTAfTTWTfmfUPrTPr^'" iJNUTRrLrrw 0L5"f 

THACEBACK ROUriME CALLtO FHUM TSN REG, m REG. 15 

WSHED ou'*6 Hzie2*+5c ooiescco 

wydko TOlu CiiibiaBA (rorai?*rr 

_ RUNUt-F 0D51 **21h'dS2Z 00181 6F0 

riAlN 0001796? OllfclOCO 



rTJr-FTC-5Tl"0Wa516939C , ftEGISTTH CdNtAtNEO 7DloOo003COiJ(J6o6" 

REG, REG. 1 . _ __ 

OO0UO09B UOOOOOOO 

Tny^oDtnTT 



ODODOOUl 
FQOUOOOS 



Toieiezc 

00000000 
OOlABFFfl 



STANDARD FIXUP TaKCN . EXECUTION CONTINUING 

IHCiJOal IbCOM - PROGRAM INTERHUHT (H» - UNDERFLOW OLD PSW IS FFC50000A2XS939C . REGISTER CONTAINED 

"~TH Aden ACk " "ROUTINE " "CfiLLLS~P"KOW " ISft HeG. II* f^EG". IB Wt^, Q ReG. 1 

WSHED 0096 H2182H5C OOlfiflCCO 000U009fl 00000000 

HYDRO 

HA IN 00017982 01161DC0 FOOOOOOS OOlAUFFa 



TO1000003CO0OC00 



OUlO 



"00 sr 



62ioieaA 



00iei9H0 
O0iai6FD 



UOUUOOOl 

UOObbOOl 



ooisiazc 

OOODOOOO 



EfjTKY P0If4T= OUblDCO 
"STpJO AHd~n iajP"~TAKtN~rTXTCOTlUN CONTINUTTJtr 



IHC20ai IBCCM - PROGRAM INtEHKUHT ( P ) - UNDERFLOW OLD PSw IS FFCS000DA2ie939C . REGISTER CONTAINED 7D1000003CUOOOOO 



TRACEEACK ROUTINE CALLt-D FHOM ISN 
WSHID 009b"~ 

_ HYOKO 0010 

RUNOFF 0051 



"MAI FT 



KEG. 1«+ 

62iai8BA 

'421&2&22 

~0 UO 17952" 



REG. 15 

001619(^0 
001616FO 
OllElDCO^ 



REG. 

"CBOUDOgT 



REG. I 

OOOOOOOQ 



00000001 

OOOOOOOl 

TOOuCOUfl 



00161d2C 
OOOOUOOO 



"ffIJT7(DPF^ 



ENTRY POINT= 01161DCU 

STANDARD FIXUP TAKEN * t'tCUTIUN CONTINUING 

iHCZOfll IdCOn - PROGRAM INTERRUPT IP)"- UNDrRFLOW ^ "OLD PSW "IS FrC5000DA2ie939C "". REGISTER CONTAINED ^ ^DlOOOOO^CtTOOTreff" 



TPflCEOflCK" "ROUriNE CrtlLtO FROM j SN 



HSHLO 0OV6 

HYOHO OUIO 

"" ~HUNUt-F ' " UII51 

ENTRY POINr= UUf-lDCO 

STrtNOARiJ FIXUP TAKEN . txpCUTlUN CUNTIMUlNt. 



MEG, m HEG. lb 

M;?lHZMbC OOlHflCCO 



BEG, HEG, I 
00UUU0S8 UUOOOUOO 



fai*i6iadA oo^Hl9^o unuuuooi ooieiBi^c 



>*i^l(^£b22 ODleiVFO 



nOOUUUOl UOOOUODO 
FDUUUOUH OOlAbFFfl 






lOTflL INt- ILTRATION (CU FU 

TOTAL rUfTER FLOW AT INLET I CU f- T ) 



O.ygbld'^E 05 



0.211B14E 05 

0.m0449E 05 

_TOTAL ^Uf^fL^CE STURAGE AT ENQ UF STORM tCU FT 10.2 3H5 H7E 03 
TOTAL SNCWHELT (CU FT) 



0.473H0E 0*t 
EHROH IN CONTINUITY. PERCENTAGE OP RAINFALL, -S.SSSaa""" 






***** 



S U M n fi H Y 



u ^ 



f- 1 N A L 



S ISI w 



COMIJITIONS 



***** 



UATLRSHLD 


SNUW CUVf-HtU 


flHEA { SlJf 1 1 


ULHfM 


Of 


SNOt 


(FT) 




FHEt 


WATER 


IPT» 




IMPEMV 


► 'EUV 


IMPtRV 






PLMV 


inPLRV 




PEHV 


1 


LOfyO , 


fabliJH , 


0.0 


. 




o.n2ir>a 


«*t 






U.000'43 


2 


M71H. 


^b'i^r. 


o.u 






o.n?i*jB 


0.0 






U.OOO>«d 


3 


lOBy. 


layso. 


0.0 






0. 021^6 


0.0 






U.OOOtA 


4 


1823, 


^l!)9^. 


0.0 






a.n2i:>u 


9«9 






0,000'+3 



o 



>J 



10.000 


TnLLT HYOKQGRflMH - - ^^^^^-^ ^^ 


1 








• » 

i * 
1 * 

I; * ' 
t * 
I « 




' 


- 




a. 000 






* 


• 

* 
• 




- 





.__ 


I * 

I _ * 

I - - - ^ 

♦ 
I « 


* 


III 






6.000 


* 
* 






RUNOFF 


I' » 
I • 

I • 
I ♦ 


* 


- — 






CFS 


* 
* 






•4.000 


• 
I * ~ 
1 * 
I * 


# ■- ■ ■ 

• 










* 
♦ 










1 p;' 
I « 
I • 
I « 
I * 


« 

* 














* 


1 








■f 

I 4?" 
I ♦■ 

I ■*.;■ 
I * 
I * 


• 

* 
* 


^^ - 








« 








X * 

I »• — -. 


*• — 


, . 


, _^ 




0.0 




* 


c 


.0 0.5 1 


•° 1'5 2.0 2,5 3,0 3,5 


t.O 


4,5 


5.0 



TIWL IN HOURS 



SWHM UOWKSHOH - HUNO»-^ MLOCK 

LXAMPLL NU.J - bYH ULblGN STOMM, HOOF LEAUtHS ARL DISCUNNECTEU 







;iuriMAHT ot- 


(JUAN 1 ITT 


Af-tU 


CJUAl IT Y 


ULSULTS AT 


LOCATION JDU 
























flOw in Cf-S 


ANU QUALITY 


IN nC7/L 


(ANU COLIF 


IN 


HPN/L) 






















tiML 


FLOW 




buo 




iiUS-S 


F 




COD 


SLT-S 


PJIT 




P04 




GRLASL 


PB 


CL 







s.o 


U.66Ut- 





SUi>-SNt 
0.0 


0.0 


0.0 




0.0 


0,0 


0.0 




0,0 




0,0 


0.0 


0.0 







10.0 


0.23UE- 





4 1). 2 
^^.0 




8,b4 


0,0691 


Ob 


127. 


0,377 


0.452 




0.455E. 


01 


U.134 


0.17BE-02 


183. 


-— 





IS.U 


tl.27SE- 








11,5 


0.115E 


07 


164. 


0.501 


0.606 




0,6U9E- 


•Ul 


0.177 


0,236E-02 


243. 







4 

20.0 

25.0 


0,759E- 
0,176 


11 .5 
51.9 
1*4.7 
4J.3 
20. b 
31. tt 
26,5 
19. i* 

33.2 
10. 
52,2 
«.76 




14,7 
20,0 


0.126E 
0.127E 


07 

07 


163, 

136, " " 


0.563 

0,64 " 


0,759 

T,b3 





0.763t- 

0.104 


•01 


0.193 

0.195 


0.297E-02 


265. 







0.259E.02 


267. 




tl 


40.0 


0.253 
. 341 
O.&Hb 


— 




26.5 
33.2 
52,2 


0.125E 
0,121E 
0.U4E 


07 
07 
0-7 


99.0 


0,732 


1,29 




0.130 




0,192 


0.255E-02 


262. 







59.5 
27,2 


0,674 


1,59 





0,159 
"0,245 




0,185 
0.175 


0.247E-02 


254. 







1.49 


2,45 


0.232E-02 


239, 







''5.0 
SO.O 
5b. 
O.D 
5.0 
10.0 


1.69 






135. 


0.979E 
-0,147E 


06 
39 


9. 46 


6.96 


6,23 




0,623 




0.151 


U.200E-02 


206, 




d 


3,52 
3.55 
2,63 




135, 
-0,'+96t 

-0,371t 
93.9 
0.113E 


27 


97,4 


3,54 


7,61 


-0.2dOE 


20 


-0,49BE 


27 


0.e40E-01 


-1.43 


-0,498E 


27 


u 


27 
27 


93.9 
72.6 


-O.llOE 
0,333E 


39 
38 


3.0? " " 
2,44 


9.15 " 

6,44 


^-0,210E 
0.637E 


20 
19 


-0,372E 
0,113E 


27 
27 


0.776E-01 
0,6UeE-01 


-1,07 
0.323 


-0.372E 
0,113E 


27 
27 




1.86 
1.29 




72,6 
-0.437E 

42.6 
0.161E 

24,6 
-0.443E 


26 
26 


42.6 

24.6 


-0,12gE 
0.476E 


38 
3? 


1.47 

1.10 


3.00 
"1.36 ~ 


-0,247E 


19 

16 


-0.439E 
0.162E 


26 
26 


0,370E-01 
0,274E-01 


-0.125 

0,467E-0l 


-0.439E 
0.162E 


26 




0,910E 


26 




15.0 


0.92a 




25 


15,4 


-0.131E 


37 


0.965 


0,817 


-0.251E 


18 


-0,445E 


25 


0,241E-01 


-0,l25E-0l 


-0,445E 


25 




20.0 


0.6(«6 




ID, 4 
,944E 

11. U 
-0,l45£ 

7,07 
0,112L 


24 


11,0 


0.279E 


56 


0.855 


0.310 


0,534E 


17 


0,94aE 


24 


0.214E-01 


0,301E-02 


0,946E 


24 




25.0 


o.it6r 




2U 


7,67 


-0.429e 


35 


0.766 


0,332 " 


~-0,fi20E 


16 


-0.145E 


24 


0,197E-0l 


-O.l56t-03 


-0.146E 


24 




30.0 
35.0 


0,337 




23 


6.ua 


0,332L 


34 


0,744 


0,24 7 


0,636E 


15 


0.113E 


23 


0.186C-01 


U.280E-U3 


0.113E 


23 




0,261 




6.0U 
-0.210E 

4.04 
-0.b62E 

4 . 09 

-o.biaL 


21 


4,64 


.0.620E 


32 


0.712 


0,197 


-0,119E 


14 


-0.211E 


21 


0,176E-01 


0.236E-03 


-0.211E 


21 




**0.0 


0,203 




19 


»f.09 


-0.255E 


31 


0.669 


0,172 


-o.46ec 


12 


-0.fl65E 


19 


0.172E-01 


0,229E-03 


•0.665E 


19 




'*&. 


0.119 
0.327E- 





lU 


3,43 


-0.242L 


30 


0,673 


0,154 


-D.463E 


11 


-0,a21E 


IB 


0.16eE-01 


0.224E-03 


-0.621E 


16 




SO.O 


-0,163t. 

2.77 
-0. MDE 

2.?6 
-0.i92E 


la 


2,77 


-0.483L 


29 


0.663 


0.140 


-0,924t 


10 


-0.164E 


16 


D,166L-01 


U.2aOL-03 


-0.164L 


IB 


2 


55,0 
0.0 


O.lPfcf 
0.139E- 



-0 


17 
17 


2.26 
2.01 


-0.216E 
•0.116E 


29 
29 


0.65B 
0.654 


0.132 
0,129 


-0.413E 
-0.222E 


10 
10 


-0.733E 

-0,393E 


17 
17 


0,165E-01 
U,164£-01 


0.ai9E-03 
U.217E-03 


-0.733E 
-0.393E 


17 
1*7^ 



-? .61 



2 


5.0 


0. 132E-0 


-n.i'JiE 
i.n& 


17 


1,6b 


-0,565E 2a O.bbl 




0.12",' 


-O.lOfiE 


10 


-uTl92r 


l"^ 


b". i 6 3 E 


•Ul 


~U."216t-'0.5 


^-'o\l92E~ 


17 


2 


10,0 


0, 13ME-0 


-o.yiuE 

1.7H 


lb 


1,78 


-0,269E 26 0,64ft 




0.126 


-0.515E 


09 


-tJ,914E 


16 


U.162E 


• Ul 


0,215E-03 


-0.914E 


lb 


2 


10.0 


0,115E-0 


-0,H4faE 
1.7H 


lb 


1.74 


-0.132E 26 0,b46 




0.1 211 


-D.252E 


09 


-0.448E 


16 


Q.lblE- 


-01 


0.215E-03 


-0,44aE 


lb 


2 


20 . d 


.6i26e-0 


-0.«;51E 
I . TO 


lb 


1.70 


-0,742E 27 0.641 




0.124 


-0.142E 


09 


-0,252E 


16 


0.16UE 


-Ul 


U,213E-03 


-0.252E 


lb 


2 


25.0 


. 1 4 (1 1 - 


-O.lTSt. 

i.f.7 


lb 


1.67 


-0 ,b30L 2 ' ,6J7 




0,1?.'. 


-O.IOIL 


09 


-U.lfiOE 


16 


0. 159E 


-01 


0,212E-03 


-D.ieOL 


lb 


2 


JU , 
35.0 


U. Iblir-D 
O.flfcSE-O 


o.u 


lb 


0.OJ3 


-0 ,241£ 27 0.519 




,bl iX-Ol -U.460E 


U8 


-0.817E 


15 


0.797E- 


02 


O.lObE-03 


-0.ai7E 


15 




0.0 


0,0 0.0 




D.O 


0,0 




0.0 




0.0 




0.0 


0,0 




2 


40.0 


0.566E-0 


0,0 

o.u 


- - 


-^kM___ 


j»*fi ■ ■■&'*i6 




0,0 


0.0 




0.0 


— - 


1«* ._. 





a.o 


._0.0___ 








■ 


2 
2 


45. 
50,0 


0.430E-0 


o.u 

_J).U __ 




0*e 


B,r© fi^@ 




l»>fl 


%,$ 




i »s 




I*i 




#«0 


0.0 






6.0 




. 


0.0 0,0 




0.0 


0.0 




0.0 




0.0 




0,0 


0.0 




2 


55.0 


0.26fcE-0 


0.0 

o.u 




0.0 


tm& ^© 




%6 


fxa 




0*$ 




0»0 




m«0 


0,0 




3 


0.0 


0.21BE-0 


0,0 
0,0 




0.0 


t:»..t tw^ 




tf*« 


d»ii 




e«« 




0*0 




«»« 


0.0 




J ■* 


5,0 


0.162E-0 


o.u 




0.0 


0.0 0.0 




0.0 


0.0 




0,0 




0,0 




0.0 


0.0 




3 


10.0 


0.155L-0 


o.u 
o.u 


- - 


0.0 


^*6 0,0 




,0 


0.0 





_P»Q 




- ;« *0- ._ 


,^ 


_#^.s.^_^ . . _ 


^*0.. 










" '•'-^~ 


3 


15.0 


0,135E-0 


0,0 
0,0 




0,0 


«*K aii 




0.0 


0*0 




m-t4 




■ff','0 




w^& 


0,0 






20.0 


, llfeE-0 


,0 

o.u 




0. 


0.0 0,0 




0.0 


0.0 




0.0 




0.0 




O.Q 


0,0 








































— 


— ■ 


- -- 


- - 


- 


■ - 


- - == ^^^- 


-,^ 




— - — - 




- -- — - 


--■- 


_^- 





--— - 


— - -.^ - 


^ 














S/MILAK. 


<3U-rPVJT PC Si 














ft 


















L-OCAVCOrOS 


2u:v:>, 


Soo^ •^(^o 

















^J 

J^ 



TOTAL SUSHENDtD SOL IDS ( i NClUUING'S. S . f ROM" EHOSlON I Tf* AJvSfCRHLU TO " f Hi" "S E U E H~F HprTTNLE T A K E 4 S^ "bURTNG ifO~riHr STEPS 



INLFT EROSION FLOW SOIL CHOPI'ING COrjTROL 

NO. AKLA(ACHLS I LtNOlHlFT ) TyMUKt FACT OK F AC TOR 



tllOSION TOTAL 

5.!;. (Mti» S.S, (PIGJ 



1 


O.D 


0.0 


0.0 


0.0 


g 


0.0 


1^6 


Q 4 © 


■S'vf 


■3 


0,0 


tJ.tJ 


d.tf 


t.t» 


u 


0, /8 


110.00 


0.20 


l.DO 



0.0 n ,0 0. 1127E 08 

O.fi P.D U.H050E 07 

0,0 0,0 O.6O0bL 07 

i.20 O.lOfiBE 09 0,llH5E 09 



TOTAL EHOSION CUNTKIMUTION 



TOTAL SUS-S 



0,J0&7"Jt O-S MU 



0,13y&BL 09 AG 



^iAb.a" Lb 



307.7 L8 



TRANSPORT BLOCK 
WORKSHOP 







Proctor & Redfern Limited 

Consulting Engineers 

PROGRAM NAME r^AYJ^f^i 



SHEET— (—OF-/— . 



CARD TYPE T?Af^lPOBJ_. 



Ea NO 
DATE . 



xliiila 



xaiiiiiiiiiiiiir 

0lll£l3l4blsl7lS 



TRA^4'}P4'Rr 



X u 1^^ ;g \}Z -^ jEf 12 \rJ: |E j2 3 13 13 !3 ,3]^"r:("^^3r^;' 4ra|4|4|4|4l4M|4|5| 5|bl b| b |b 5 B I S 1 5 1 5 15 | G l fc; | fc; i t^l5 | K | 5 | 5 | 5 |7 1 71 7 17 



Diua 



aMiaa 



r7^'7|zie 



e[gln 









CARt> GR4>^'P I I 



CARD C-*e^LP 12 
I S So 3 



o 



4 



3 0* • flots I 



LARD Gf^<^L'P /4 



<:> 



C/ifiP GRipUP IS 
( lb 

2 I C I ft 

S fOZ If. 



L. ■■' .; ■ i. i 



; J 



.. iiiOi 






Proctor & Redfern Limited 




Consulting Engineers 

PROGRAM NAME -__ 



SHEET-?— OF- il-_ 



CARD TYPE 



ED NO 
DATE . 



i\ d3U \ d^\7 \ 3h\m m\'.mmm \ ^^^^^^^ 



oo 



4 
5 

C 
7 
S 
toi 
i oz 
/cs 
i C4- 
/CS 
f c^ 

/c7 



/C3 
/^ 5 

/ 
•2. 
i 

7 



1 c 






, 




u 










f p 










/ c 










/^ 












Z7%' 1 


3 3 


/?- J3 


o- c/3 




23'g -Ji 


3 "5 


^•4-3 


C" £,f s 




/CS^J 


5^ 3 


C'Sf 


£?'£> f 3 




29h ' i 


3 ' 3 


o*^% 


O' OJ3 




i 7H' 7 


i - 3 


i ' /4- 


C'V f 5 




2 22-6' 


3 3 


/ '^-C^ 


C^Ci 3 


t ( 


325'^:' 


3 3 


O* 75 


c* 0/3 



CARD OR4>Up^ 10 Tip 20 <f>MMlrTED 



CAfZD CR<PVP 27 



CARD GRfUP 2S 4>MM / TT EV 
CARD GR4>UP Z.q 

5 / 3 








Proctor & Redfern Limited 

Consulting Engineers 

PROGRAM NAME 

CARD TYPE 



SHEET--1--DF-:? 



ED ND 
DATE . 



-J 



^i^ wMm w w^^m MmMEmmMMimmmm^smmm 



314 






ET51t^iK|G|G|G|7|7i7i7 ^^''7\7]7'-".B\ 



3j4iLi 



i:-^,_iau~Jj- 



/ 2 3 4 5 ^ 7 

c/ifi-D oQfpuPs 3c r4 ^7 <pMHirrED 






U-W 



9RUCEW00D - QUANTITY HOOEl. ING ONLY 



***** 



ELEMENT LINKAUrS AND COMPUTATION SEQUENCE 



***** 



ELEMENT NO. ZERO IS GIVEN INTERNAL NO, 

EXTERNAL INTERNAL TYPE UESCKl^TION 
ELEMENT ELEMENT 



NUMRER 

_ 1 
2 

3 



ao 
o 



5 
(, 

7 

a 

131 

in2 

105 
104 
105 
106 
107 



NUMOEH 
1 

3 

4 



5 
6 

7 

3 

JO 
11 

12 
13 

14 
15 



16 MAMH 
16 MflNH 
16 flArjH 

JLfc MANH 

16 MANH 



16 
16 
16 



nfiNH 
nflNH 
MANH 
CIHC 
CIHC 
CIRC 
CIHC 
CIHC 
CIRC 
CIHC 



OLE 

OLE 

OLE 

OLE _ 

OLE 

OLE 

OLE 

OLE 

ULAH 

ULAR 

ULAH" 

ULAH 

ULAR 

ULAR 

ULAH 



= NO. ELEMENTS ♦ 1 = 16 

UPSTREAM ELEMENTS 

( EXTERNAL NOS . ) 

'" 1 P 3 





101 

102 

J. 3 

104 

105 

106 

107 

1 

2 



ORDER OF COMPUTATIONS AT EACH TIME STEP (PROCEEDING DOUNSTREaM) 
COMPUTATION EXTERNAL INTERNAL INTERNAL UPSTREAM 



SEQUENCE 

1 _ _ 

2 
3 



NUMBER NUMBER 



5 
6 

7 

e 

9 
10 



11 
12 
13 
14 
15 



1 

101 

102 
3 

103 
4 

104 
9 

lOS 



6 

106 

7 

107' 
1 



1 

9 

2 
J0_ 

3 
11 

4 
12 

5 
13 



6 

14 

7 

15 

a 



EMEf 


*T NUMBER 


16 


16 


16 


1 


16 


16 


9 


16 


16 


2 


16 


16 


10 


16 


16 


3 


16 


16 


11 


16 


16 


4 


16 


16 


12 


16 


16 


5 


16 


16 


13 


16 


16 


6 


16 


16 


14 


16 


16 


7 


16 


16 


15 


16 


16 



BRUCEWOOD QUALITY SIMULATION WITH SWMMS 



NUMDEK_OF tLCritfJ.IS.^ 15 
WUMBER OF TIME INT = 00 
TIME INTERVAL = 300.0 SECONDS 



* * * • 



ELEMENT pARftMLTERS 



OO 



rxT, 


TYPE 


DESCRIPTI 


ELE. 






NUM. 






1 


1& 


MAMlOLE 


? 


16 


MANHOLE 


3 


lA 


MANHOLE 


4 


16 


MANHOLE 


5 


16 


MANHOLE 


6 


lb 


MANHOLE 


7 


16 


M A ij H L F 





16 


MANHOLE 


101 




CIHCULAR 


in^ 




CIRni.LAR 


103 




CincULAH 


10** 




CIRCULAR 


lOS 




CIRCULAR 


106 




CIRCULAR 


1C7 




CIHCuLAli 



SLOPE 
(FT/FT ) 

0.0 

.0 

0. ir 

li.O 

0,0 

0,0 

0.0 

0.0 

0.003.^ 

0.0045 

(1.00'dI 

, M (1 

U.DH4 

0.0140 

0.007b 



DISTA'-iCE^ 
(FT) 



0.0 
0.0 
0.0 

o.u_ 

0.0 
0.0 



MANNING 



n.o 

0.0 
276.1 
23H.U 
1 « 1 7 
296,1 
176.7 
222.0 
325,0 



ROUGHNESS 



n.o 

0.0 

0. n 
n, n 
' , n' 

0. 

o.n 

0,0 



0. 013U 

, 1 3 o_ 

. 1 3 

0.0130 

0.0130 

0,0130 

0.0130 



GFn''i_ 

(FT) 



O.n 

.n 

O.n 

o.n 

o.n' 

o.n 

O.n 

o.n 

3,3 

-P .ij^ - 
3,7 
3.3 
3.7 
3,3 
3,7 



GEOMI^ 
IFTl 

0.0 
0,0 
0.0 
0.0 



0.0 
0,0 
0.0 
0.0 
0,0 

o»Si 

0.0 
0.0 
0.0 
D.O 
0.0 



GE0M5 
(FT) 



0.0 

0.0 

0,0 

0,0^ 

0.0 



Jl. 
0.0 
0.0 
0.0 

6.0 

D.O 



JJUMDE 

OF 
BAPRE 



AFULL 



OFULL 



ISO.FTI (CFS) 



LS 



1.0 
1.0 
1.0 
1.0 
1.0 



0.0 
0.0 
0.0 

o.n 

0.0 
0,0 
0.0 
0.0 
8.296 
-6 •396 
fl,296 
6.296 
8.296 
8.296 
8.296 



0.0 
0.0 
0,0 

- ".0 

0,0 

0.0 

0.0 

0.0 
47.560 
5H,2fl9_ 
59 . 1 24 
57.359 
88,396 
97,959 
71.699 



QMAX _ 
(CFS) 

0.0 

0.0 

0.0 
0,0 

0.0 

0.0 

0.0 

0.0 
51,364 
__50.633 
63.654 
61,948 
95,468 
105,796 
77,435 



SUPEH-CHITICAL_ 
FLOW WHEN LESS 
THAN 95X FULL? 



NO 
NO 

'no" 

No 
NO 
NO 
NO 



EPSILON = O.OOOlOO 



nc. OF ITERATIONS IN ROUTING ROUINE = 



HYDROGRAPHS AND POLLUTOGKAPhS PROVIDED TO SUBSEQUENT PROGRAMS FOR THE FOLLOWING ELEMENTS: 



RRUCEWOOO GUALTTY SIMULflTION VJlTH SWM«b 



_IP_TAW_.Si«yLATICN. TIME^ =._gj*_0pJl.!J^^CONOS_. TI WL STEP = 300.0 ■>F(:0ND5. 



INFLOW POLLUTOGRrtPHS ANU HTDHOSKftPHS AT TMt FOLLOMING EXTERMftl. tLLMENT NUMBERS; 
5 1 3 





rVTEPfJAL 

ELEHtNT 

NUrtSCR 


TIME STEP 
1 


?. 


3 


SELECTED 


INLET HYfj 
9 


ROGHAPHS - 


CFS 




9 






6 


7 


e 


10 




1 


0.025 
0.)?3 
0.51*4 
C,5fc3 
0.062 
0.419 


U.070 
U.210 

0.S03 
. (. 4 ft 

0. n'l 7 

."S3 
1.132~~ 

0.312 

0.04'? 
C,067 
0,136 
0"."i"59 

0.015 
0.1 fl3 
0,311 
0.06.4 


0.102 
0.314 
.502 

0.54 7 
.037 

0,937 
0.163 

0.021 
0,093 
0.136 
0.095 

a. (J 12 

0.2f « 

0,225 
0.046 


0.104 
0,381 

0.425 
0.396 
0,064 

1.240 


0,061 
0,501 
0.357 
0.374 
0,140 
1,2 94 


0.032 
0,705 
0.35B 
0.367 
0.197 
1,124 


0.023 
0,780 
0.349 

0.274 
0.334 
1,020 


0.02R 
0.668 
0.330 
"" 0,166 
0.680 
1.297 


0.042 
0.554 
0.358 
0.112 
0.897 
1.897 


0.069 
0.529 
0.413 
0.0 03 
0.693 
2,037 




._- ^ 


1.542 
0.454 

0.024 
0.0 62 
0.l3fl 


0.721 
0.121 

0.011 
O.OfiS 
0.084 
0,111 
0.041 
0.345 
0.105 
0.034 


0,b77 
0.090 

0.QD7 
0,147 
0.103 


0,623 
0.065 

" 0.005 " 
0.192 
0,115 


0.943 
0,049 

0.003 
0.162 
0.074 


0.660 
0,038 

^ 0.015 
0,149 
0.096 


0.693 
0.0 31 

0.024 
0.143 
0,110 


0.571 
0.025 

0.029 
0.139 
0.119 




- ■ - - 


O.lo? 

o.oin 

0,120 
0.354 
0.095 


0.120 
0.1169 
0.301 
0.226 
0,026 


0.076 
0.046 
0.2B5 


0,053 
0,124 
0.277 


0.0 39 
0.246 
0.418 

0.198 
0,014 


0,029 
0,187 
0,566 
0,171 
0.012 


0.023 
0.109 
0,462 




0,247 

0.021 


0,257 
0,017 


0,156 
0.010 




5 


0.021 
0.162 
O.Pll 

o.Bi; 

C.131 
0.7B4 


0,087 
U.2fl(|. 
0.790 
U,906 
U.103 
0.fll4 


0.126 
0,432 
0.791 

0.033 

o.or3 

1.216 


0.117 
0.526 
C.fafl6 
' 0.679 
0,101 
1,752 


O.lOl 
0.696 

0.586 
0.646 
0,206 
1.930 


0,076 
0.968 
0.600 
"0.580 
0.273 
1,791 


0.055 
1,079 
0,553 
0.449 
0.432 
1,655 


0,052 
1 .009 
0,513 
0,329 
0.914 
1.947 


0.072 
0.911 
C.559 
0.254 
1.219 
2.754 


0.101 
0.840 
0.623 




0.171 
1.031 
3,039 




-^ ._ . 


2,527 

0.774 


1.903 
0,547 


1.566 
0,378 


1.230 
0.262 


1.154 
0,190 


1.276 
0,144 


1.421 
0,113 


1,362 

0.090 


1.141 

0.073 


0,973 
0.061 


















:^^. „..,_. ._ 


- - - 


■ -~ - - 





--— - 































SLLECTFD OUTFLOW Hyni^OGRnPHS - CFS 



Tire STEP 
1 



10. 





i 


0.025 


0.070 


0.102 


0.104 


0.061 


0.033 


o;o25 


0,028 


0.04^ 


0.069 








0. 1?3 


^ . ? 1 L' 


0.314 


0.361 


O.SOl 


0,705 


0.780 


0,668 


, h '-) 4 


0.529 








, '-• 1 '» 


U . !^ 1 


0.502 


0.423 


0,357 


0,358 


0,349 


0,330 


0.3^8 


0.413 








0.5f.3 


0,646 


0,547 


0.390 


0,374 


0.567 


0,274 


0.166 


0.112 


0.0U3 








_. .„ O.Of.2 
0.419 


.„0,n4 7 
U.493 


0,037 


0.0 64 


0,140 
1.294 


0,197 
1.124 


0.334 


0.690 


0.8=17 


0.693 
2.037 








0,662 


1.240 


1.020 


1.297 


1.897 








1.F-"? 


1.132 


0,93 7 


0.721 


0,677 


0.823 


0.94 3 


0.860 


0.693 


0.571 








0.4 54 


U.312 


U.lfl3 


0.121 


U.09O 


0,065 


0.049 


0.036 


0,0 31 


0.025 


_. 




a 


o.ooa 


. '1 1 


0,0fl4 


U. 104 


0,090 


0.049 


0.027 


0.024 


0,033 


0.052 








O.Cflfl 


0.155 
U.b06 


0.?b9 

0.501 


0.366 


, '1 4 9 


0,626 
0.351 


0.777 
0.355 


0.714 
0.337 


0,59^ 
0.332 


0.529 
0.38U 








0.f,21 


0,461 


0.377 









0,5 1)2 


0.625 


0.601 


0.452 


0.368 


0.37 3 


0.317 


0.222 


0.142 


0.099 






. _. 


0.n75 


0.0 55 


0.043 


0.044 


0.091 


0,164 


0.255 


0.542 


0,855 


0.790 








0.512 


U .42fi 


0.719 


1 .148 


I.SIO 


1,101 


1.039 


1,160 


1.742 


2.05S 








1,70? 


l,20fi 


0.904 


U.769 


0.667 


0.770 


0.917 


0.904 


0,742 


0,600 






3 


o.'^9_e__ 

0,027 


0.366 

0.072 


0,240 


0.157 


0.107 


0,060 


0.056 


0.045 


0,035 


0.020 






0.085 


0.109 


0.107 


0.075 


0.037 


0.036 


0.051 


0.071 






. 


0.122 


o.2oa 


0.301 


0.414 


0,576 


0.750 


0.906 


0,900 


0,766 


0,679 








0.657 


O.f.49 


0.636 


0.562 


0.506 


0,465 


0,426 


0.440 


0,441 


0.401 








0,f45 


0.753 


0.719 


0.612 


0.501 


0.442 


0,395 


0.299 


0.206 


0.138 








0,103 


0,079 
0.610 


0.060 


0.063 


0,134 


0,175 


0,336 


. 0,681 


0.971 


0,953 








0.71? 


0.097 


i .400 


1,603 


1.510 


1.339 


1.542 


2.172 


2,499 




CO 




2.167 


1.606 


1,237 


1.C22 


0.916 


0.966 


1,150 


1.117 


0.962 


0,794 




Ui 


Kl 


0.624 
0,019 


0.469 

0.C63 


_ .0.325 

o.one 


0.229 
0.101 


0,153 _ 
0,111 


. _ . 1 1 1 

0.0B2 


0,065 


0.064 


0.051 
0,050 


0.U41 
0,066 






0.045 


0.034 









0.110 
0,657 


0,190 
11.650 


0,284 


0.401 


0,556 


0,736 


0.893 


0,910 


0,783 


0.665 






0.637 


0.574 


0,509 


0,471 


0.431 


0,436 


0.443 


0.472 








O.fc20 


0.74(1 


o.7^e 


0,626 


0.513 


0,445 


0,401 


0.314 


0.226 


0.149 






- - ■ ■ 


, 1 P 
0,740 


, n f". 

0.611 


0.063 

0.046 


0,074 
1.561 


0,123 
1,600 


0,168 
i.527 


0.294 


0.641 


0,946 
2.118 


0,972 
2.494 






1.353 


1.502 








2.?11 


1.650 


1,261 


1.039 


0,921 


0,955 


1,130 


1.134 


0.973 


0.813 








0,^^>* 


0.465 


0.342 


0.246 


0.167 


0,116 


0.090 


0,066 


0.053 


0.045 






5 


O.C2n 


0.124 


0.202 


0.210 


0,207 


0,178 


0,120 


0.089 


0,111 


0.158 






- . „ - ... 


0,2 'if. 


u.u:io 


0,664 


0.682 


1.201 


1,645 


1,932 


1.930 


1.739 


1.551 








I ,471 


l.'*51 


1.4 33 


1 .287 


1.114 


1.060 


0,999 


0.941 


1.002 


1.083 


- ^ —^. 






i.«n 


1.672 


1.58i 


1.342 


1.197 


1.041 


0,063 


0,677 


0,502 


0.362 









0.?57 

1 . (^ ;; -^ 


' i.4 5 5" 


0.1f7 


0.173 


D.300 


0.416 


0.652 


1.416 


2.090 


2.025 
5.495 






2.975 


3,508 


3,351 


3.052 


3,375 


4.712 








4,840 


3.762 


2.697 


2.317 


2.U95 


2.212 


2.499 


2,516 


2.163 


1.822 






Ik 


1.476 
0,019 


l.OflO 
0,090 


0.765 
0.190 


0,545 
0.213 


_ 0.401 
0.206 


0,285 
0.16B 


0,216 


0,170 


0,134 

0,103 


0.109 
0.147 






0,134 


0.092 









C.223 
1.474 


0.363 
1.452 


0.636 
"1.4 35 


0.a54 

r.56'9 


1,153 


1,601 


1,914 


1.942 


1.762 

0,990 


1.566 
1.074 






1.133 


1,07b 


i,oia 


0.941 








1 .322 


l.e,55 


1.606 


1 .C64 


1.208 


1,066 


0.884 


0.702 


0.522 


0,391 








0.P77 


0,?C8 


0. 166 


0,164 


0.265 


0,399 


0.608 


1.292 


2. 061 


2,055 








1.652 


1 . '4 4 "S 


1 .677 


2.07-^ 


3.501 


3.377 


3,078 


3.312 


4.503 


5.460 








4,924 


3,843 


2.961 


2,357 


2.104 


2.167 


2.473 


2.532 


2.205 


1.850 






— 


1.515 


1.126 


O.QOl 


0,b6S 


0.423 


0,311 


0.225 


0,160 


0.140 


0,113 





GRAPH OF THANSPOHT OUTPUT OflTfl SEl - Bfl JCEWOOO 
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GRAPH OF TRANSPORT OUTPUT DATA SET - BRlJCtWOOO" 
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TRANSPORT 
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SAMPLE PROBLEM 


' 


52 AC 

IMPER=66% 
POPULATION = 1500 




■ 


"^ 


^S^UH K? 






5? 
to 

00 

in 

(9) 

to 

1 

CM 

(O 


J 


C 


^MHei 






5? 

CO 
T 

to 
d 

@ 

IS 
io 
'co 

o 




360 . 




MH59 '475' 


-6O"0 @ 0.198% 


\ 






\ 


71 AC 

lMPER = 63 7o 

POPULATION =2100 

















186 



lKA\(bt'u^M ^L.JL^ rUi; ^tiiHJ LljUfii,^ 



SAMf'LE 



I i '■ :: I'll L-^ ;Al : Hj,j .,_ 



J tCll .1 



c L I, ,-'^ J I i'Ai< Ai'- h r t K :> 



tAT . I YPl Jl SCKIkT lU j 





t L t . 








^u^ . 








',7 


16 


MAMHUL 6 




tu 


16 


r^Af-JhULL 




bi 


16 


'■'"'iHULk 




t^ 


lb 


MANHlL t 




itO 


i 


ClKCOl AK 




3( 1 


i 


CIKCOLAK 




3>CZ 


1 


L [f^CULAR 


*vl 










cPSlLTN = 


O.'JUOIUO 



IhT/) 1 ) 


UISTtNCt" 


MAN MI Nf. 


uF:nMi 


Ot(:M2 


GL-0M3 


NUMBER 


AFULL 


QFULL 


OMAX 


(Ml 


-^l-'UC.f'rJtSS 


IFT( 


(t- I) 


U T 1 


UF 


( SU.FTJ 


(CFS) 


(CFS) 


O.U 
O.O 












fARKFLS 








U . 


O.n 


O.U 


u.o 


0.0 


I .0 


0.0 


0.0 


0.0 


U. U 


O.U 


0.0 


0.0 


0.0 


1.0 


0.0 


0.0 


0.0 


0.0 

. i '". ^ 


.U 


0.0 


O.U 


0.0 


0.0 


1.0 


0.0 


0.0 


0,0 


. 

(.6.. .0 

lU7ti.O 


O.n 

0.0150 
0.0150 
U.OISO 


0,0 

'..3 

3.0 


0.0 
0.0 
0.0 
0.0 


0.0 
0.0 
0.0 
0.0 


1.0 
1,0 

1 .0 
1 .0 


0.0 
19.635 
14, 186 

7.069 


O.O 

100. 708 

90,924 

72.994 


0.0 

108.765 

9H. 196 

78.633 



SUPER-CRITICAL 
FLUh WHEN LESS 
THAN 95 FULL 



NO 
NO 
NO 



■JO. OF irbRAriONb IN KOUTING WOUiNt = 



MYLMUw-^A^^H'. A,JD MO.LUruOKAPH:, PKUVlDcD TU SUBoEuUENT PHOGRAMS F U.) THE FGLLOHI 



NG ELEMENTS 



5» 



oo 



TUT/\L ArtEA IMF ILTK.-.TIUNI lU GPM J DUE TO 
HA^L fLUt t-.^UUND WATtk '^'EVf *KAIN 

jU.UObL iD*-!E> 0.0 125.00UU 

rtPPl Kl lOMbD l"^ir UrKATlOi^ 

INFIL. INPUT AT 
ELtMt'^T .,u. UlNFlLiLfSt PROP. TOT. I NF I L . UPSTREAM ELE. NO, 

Jo* U.i6^ C.359J 62 

iti 0.170 0.3720 61 



3bO U.i23 0.2687 60 



QUANTITY AND uUALITY OF D H F FOK EACH SUBAREA 

.'.IHLCJ = i30t..u0 LbS/UAY/CFS 

AISS = l^*?C,00 LbS/UAY/CFS 

OO AICUlI X ^.UOc 11 MPN/C./\Y Ml« CAPITA j 

AuwF » 0.56 CFS j 

KNUh INPUT LWt- ♦ il-iHL » iijDwF KLAND LV-BOD DHLS TOTPCP BODCONC SSCONC COLIFORHS 

CFi CFS CFS LbS/MlN tbS/HlN PERSCNS MG/L MG/L MPN/ lOOML 

I bi Cbi*- u,*3H 0.973 2 0.48 0.53 _ _ _^ 

TbIALS 

U.t»3 0.<»A 0.V7 2.^.1 LBS 2.63 LBS 3690, 133. 145. 3.10E 07 



tiLtMENT FLGUj, ARtAS, A:*D CUNCE^jTRAT IU:JS Akt (NITIALIZED TO DRY WQATHEH FLOW AND INFILTRATION VALUES 

FLJh A-^EA INIT. VEL. lUiD 3.S. ECOL [ . 

LLC. :.0. TYPe tCFSI (SU. FT.l (FPSl (LBS/CFl ILMS/CFI (MPN/MLI CPOLL NO.** 

3b2 1 0.640 U.dlU 3.. 1^65 0.0115 0.0126 l.22ei0 

361 1 0.fl^a O.'.^l <^.06 36 0.0093 O.GIOI 9.8*f 09 

J60 1 0.9J1 0.5*5 l.t'hU9 O.OOai 0.0089 8.62E 09 



INIJUL HED OF SOlIPS (LBSI IN SfcV-ER DUE 10 
b.O LAYS UF DRY V.E«THER PRIOR TO STORM 



tLCMcNT 



SOL I OS i.N 
BOTTOM 
(LBS) 



36^ 
361 
360 



0.07306 
0.^2297 
3.&3780 



00 



bLO OF SfjLluS I.J iEWER AT END Of STURM 



tLLKENT 
.NUMUER 



SOLIOS IN 
bUTTOM 



j6^ 
3ol 
itO 



0.C0120 
O.U07li<. 
0.09'Jitt 



[.TAL SI.«i,LAr lOiM lirt = JLUuO.U ^i.,CuNlib. T IMt blLt' = 300. U SirCQNCS. 

i.FLn.. Pi,LLUIO(.HAkmL, A.JI HYU-iObK/.K-Mb AT ThE FlLLOWINC, EXTtRNAL ELftN? NUM(ifcRS 



SEL^ICTEO INLET HVDRCGRAPHS - CFS 



U3 
O 



tA] tK .at 






















LLt-ME<jT 


TIME STtP 




















fJUf'titK 


1 


^ 


■'3 


^ 


5 


6 


7 


m 


9 


10 


6^ 


u.3/1 


3. t46 


U . ^ 7 3 


26. £41 


4 0.0'*2 


51 .b71 


5P.447 


53.112 


39. 120 


24.265 




W.'ti-O 


h . 34b 


3.8.;6 


^.bi^ 


U7b3 


1 .313 


1.001 


0.7B5 


0.629 


0.513 




G.^..-^ 


0.35^ 


0.303 


0,i'60 


C.2^b 


0.19/ 


0. 1 73 


U, 153 


0. 136 


0. 122 




u . lu-^ 


J.U9'J 


o.ot;9 


0.081 


0.074 


0.06H 


0.063 


0.058 


0.053 


0.049 




a.u'.6 


U.042 


O.U40 


0.0*7 


0.035 


0.0 32 


0.030 


0.029 


0.027 


0.025 




.ut^t 


0.0^3 


0.021 


0.0<:0 


n,oi9 


t . 1 6 


0.017 


0.017 


0.01b 


0.015 




U.Ul^ 


U . U 1 4 


U.013 


U.013 


0.012 


0.012 


0.011 


0.011 


0.010 


0.010 




U . vj L' ■ J 


.(;U'J 


U.C09 


0.00 i\ 


O.OOfi 


0.008 


0.008 


0.007 


0.007 


0.007 




U .u J / 


J.UUC 


U . 


O.UUb 


0.0U6 


O.OOo 


0.005 


0.005 


0.005 


0.005 




U .UL'5 


U. UUS 


0.004 


0. 004 


0.004 


0.004 


0.004 


0.004 


0.004 


0,004 


60 


U . 'f '. o 


3. ^yu 


1 b . tiOO 


32.i;49 


50. b44 


66.477 


75.506 


69.264 


51.604 


32.473 




17. U// 
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LUMPING WORKSHOP 



LUMPING DEMONSTRATION - BRUCEWOOD 



A. Model only pipes > 36", two subcatchments. 
1 ) Subcatchment width, and imperviousness 
(a) Lumping from detailed model 
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57.62 116.5 27.66 10341 

(b) Lumping from original data 

Subcatchment widths 

AREA 2 Avg L =- 110' (estimated) 

Avg W - 10953' 

AREA 1 Avg L =« )00' (estimated) 

Avg W = 8960' 
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Imperviousness : 

AREA 1 streets 1940' x 26' street = 50,4^0 

streets 1700' x 50' street = 85.000 

roofs 54 X 2500 sq. ft, = 135,000 

driveways 54 x 20' x 50' = 54,000 

% imp. ' 36.21 324,440 sq. ft. 

7.45 acres 

AREA 2 streets 4800' x 26' = 124,800 
roofs 157 X 2400 sq. ft. = 376,800 
driveways 157 x 20' x 20' = 125,600 

627,200 sq. ft 
% impa = 52.05 14.40 acres 

2) Gutter Lengths and Sizes 

Define "representative" length of flow path in each subarea, 

Area 1 Area 2 

maXo flow path 1,500 1,700 

lengths to 8OO 1 ,300 

inlet 710 3,000 

avg 1500 



Representative length is approx, 1/2 to 2/3 of average 
maximum length. 

.'. length of gutters: AREA 1 = 620, 

AREA 2 » 1000, 
gutter capacity = capacity of outlet pipes: 
AREA 1 - 39" @ .33? 
AREA 2 - 39" @ 1.14? 
NOTE: This procedure for gutter modelling does not account 
for time offset of overland flow inflow hydrographs. 
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SCHEMATIC ILLUSTRATION OF 
METHODS OF LUMPING 



RUNOFF BLOCK RESULTS 
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} 






1 

\ 


1 







WIDTH ( =2000 FT 
- 2 = 1500 - 
H 3 = 2000 •• 
" 4 = 1500 •« 




TRANSPORT BLOCK RESULTS 

OUTLET HYDROGRAPH 
AFTER CONDUIT ROUTING 



Oo 
33 eft 




TIME 



TIME 



(A) 



ra> 



CASE 2 
LUMPED 
CATCHMENT 
WITH WIDTH 
SUMMATEO 



n ri FT 
[I I I r ^ 



'I II II 
I L_J i-_J ' 



I 



OVERLAND FLOW HYDROGRAPH 
FROM SINGLE SUBCATCHMENT 



OUTLET HYDROGRAPH 
AFTER CONDUIT ROUTING 



OVERLAND 
WIDTH 



-EQUIVALENT 
TRANSPORT 

ELEMENT 





TIME 



TIME 



WIDTH = 7000 FT. 



(A) 



IB) 



CASE 3 
LUMPED I 

catchment 
with reduced 
'width* 






OVERLAND FLOW HYDROGRAPH 
FROM SINGLE SUBCATCHMENT 



35 Cf« 



WIDTH 




WIDTH = 3000 FT 



(A) 



TIME 
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3) Curb Length and Catch Basins 

Curb Length for Subcatchment No. 

Subcatchment 
No. 



7 
II 
16 

17 

18 
19 
20 
21 



Curb length 






in lO^ft 


Catch 


Basins 


1.7 




1 


4. if 




k 


7.8 




1 


23.05 




12 


8.8 




6 


7.2 




2 


8.8 




6 


8. it 




it 


70.15 




36 



Curb Length for Subcatchment No. 2 

1 8.itO 

2 11.15 

3 5.35 
k 10.85 

5 .10 

6 .10 

8 6.00 

9 lit. 50 

10 O.IO 

12 n.ito 

13 10.55 

lit 15.00 

15 5.^0 

98.90 



2 
3 
5 
2 
1 
I 

2 
6 
1 
3 
3 
7 
_3_ 
39 
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k) TRANSPORT Data 



ELEMENT 






LENGTH 




SLOPE 


DIA. 


101 






278.1 
238.8 
108.7 
2?6.1 
921.7 




.33? 

Ml 

.5U 


3.25' 
3.25' 
3.25' 
3.25' 


Avg, Slope 


278, 


.1 X 


.33 + 238.8 X 


.43 


+ 108.7 X .51 


+ 296.1 X .kS 






921. 


.7 








^ 9^- 


773 + 102.68^ + 55.^37 


+ 1^12.128 










921.7 










3?2, 
921. 


.022 
.7 


= 0.425? 








ELEMENT 






LENGTH 




SLOPE 


DIA. 


102 






178.7 
222.0 
325.0 
725.7 




l.H^ 
0.75? 


3.25' 
3.25' 
3.25' 


Avg. Slope 


178. 


.7 X 


l.U + 222 X ] 


\,k + 


325 X .75 








725.7 










203. 


.718 


+ 310.8 + 2^3. 
725.7 


75 


758.268 
725.7 

1.0^48 





B. Model as one subcatchment using the RUNOFF Block alone, without gutters 
or pipes. 

WIDTH =* 2 X length of main drainage conduit 

= 4000' 
% IMPERVIOUSNESS = 48.39% 
CURB LENGTH = 169.05 ft 
CATCH BASINS = 75 
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LUMPING WORKSHOP EXAMPLE 

Prepare input coding for card types for the RUNOFF workshop 
example assuming that the whole area is to be modelled as one subcatchment 
draining to the INLET with a single gutter. 
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JAMESF MacLARENLTU. 
GENERAL PURPOSE DATA FORM 



KbVPUNCH 

irismuCTiriNS ,, 






6 Poop ,/ 






-I 

3 



/-■, 



4 






' iki2 



^ ( 



C 



7 
6 



I ? 3 < b 



? 

it 



\ 



■M^ti 



I - 



.4-i-!-L 



i I 



d 
\ 1 

o 



■ 



t 



WXl 



l-'/i'2, i,l2j^ J 



p : i I'p 



^ 



G 7 H ' I Ifi 

TTT-'ioi. 



1 \^?:p 






Tiff 

trnr 



'■ 12 ?3 14 IMS 17 n i:j :'n 7W7 ?i'/i;") 



- (■ 









l:_::j^:ni.i-L 



?3 



1^34 ^TT"7 8 1 lilTn t?UrttsrrB17 l3T'ifiiT;i?rn>17 






.10 



, t n t I p 



:2ii ll-H- 

. -i-ji i' ' 



tT"' I 



~\-\ : 



x^S:n;tjV+.:iii.^ 



' 7 3 < 5 |6 7 B ■? ^Oj'l ;? 13 llliji,. iJ lb !■.; :'j 






I 






IrfH 1 



1 !- > ; / 



I 



; (i 1 1 JK ?'i m 



V. i:'33:i4 3^ 



I 

1 , ; I 
i I4--I0 

i i 1 I ■ 
■] — r- 



1^ 






p 



\o 



c 

0.1. 

D 



z 



3ii;!J:i;n:i4ti'Tii-r^rtj inisTif. -■Jisfl'i m)Im ii?!)3M fit 



N^'rs:' 'sb'^i «^ 






an?33 J4 3'j 



.3.13 , 
III 



■1 ':» 






'+•11 

P-|2i|: ill 



■oziS 



p.v 






j- 



4- 



3i3?W >: jS 



10 



I i ! I 






2 



36 

a 



31)^73^33 40 






.;o,^ 



-l^'J 



U6 






/i^i 



..3;./;. 



V;tf: 



4- 



A'.J 



P 



^.iJC 



1 :i 



. Z4 



2 



4142 43 44 4i 1G474B 19 b[l 



5 



ii:3: Ll__L_ 



iG37jS73(;DHl 4243 44 45 



D 



/I 

L'.C 



o 



1 



. /OJ& 









!il 52 53 54 55 



ll 



i-S 



I 



'J 

o 



Ja^LJz.. 



4u<74a49 50101 ii2 53 ^4 S^'W 57 bd b'l bP 



r 



I- 



tiiii7r>:in4 6<> 



1 



bG57 5S&9fiO 






_.„6!3 



1 



;iG?63G4 65 



liniwiiMiifi 7(1 



-^.- 5Z_. 



Us 



lifi6?Gar.9 70 



Z 



/ 



eiG2li3(>4 65 






.. .- J . 



7172 73 74 75 

1 



x:a 



- I- 



7! 7Z73 71 7b 



13 4 



Hli5 



JGSf 66u9 70|7I 7273 74 75 



7G 7778 73 80 



7'j77 7B79 8Q 



•6'nj79 80 



GENERAL PURPOSF DATA FORM 
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1 


t. 




.05:; ; . „ 5 .07, 

i .' : 1 i I .1-1 .; i - ■ 


■- (.i":!'*. 'ii, ■'/■>.■!-/( V ^',1 :;' i'i .1.1 -i"^ 

1 ' ■ ■ oi : 


li. 


, / 4;; 
1 1 


1:1 
1 

\ 


'0 
3 


Jl 

I 

t 


1 1 i 

^6t e.e 


ii"/,/'i;',:i'i i„ili.ii,, i;'! \.\ ii'.Ii 

A4.e 1 1 . ; 1 


.l./ir:-i.') 

; ■ ' 1 
! ' : 


jl. 


n r; n 

1 
i 

-J . 


;4 ib] 


76 7778 73 80 


// 


i 


; 1 : 
' 1 • ' 


i i i 

I i .■ - 

1 1 

' ■ ■ ■ t ■ ■ ■ - 

1 1 1 ' -^ 1 : ' 1 I 

h ; '^ ! M' 

-. ,., 1/ ^ i- ; 

; ! : i : , 1 M 




1 ■' ; [ 

[■ i: ■ n i 

. ,/':*r; > ' ■ 


1 

1 ■ 
), ■ 
, 1 




1 ! : i 

' ' 1 

t ! 
1 1 ' 


1 p& 

• 00 5' 7 


': 1 ' 


- 


1 


' i 


- 


, 


-- 


i 

■1 
! 






- 


I 

It 
/3 


1 
1- 

— ■ 

- 4. 

1 
- y- - 


,.i :_. 

1 1 

1 j 


f 1 
J- ^L 


1 1 
1 ,37 

i i"! 

t' ^ i ■ 

■ L i ■ 

f ! ■ ' 
1 


1 ' ;< 
■ 1 
1 1 

: 1 ■ 

■1,1' 

- ( .1 i -1 


t 

i ■ 

i 

J.. 

::i5 


1 1 
i 


'• 
i 


i 1 
'' 1 

1 ! 




1 

1 ' 
i 

1 
1 






1 
1 

- 






- 










5 


7 








. 








- 








i 


- 


— 




i- i . -i f--. . 4 L_i- .1-1 ; [. 


i 
t 
t 

1 




J 

1 1 \\ 




1 

f 
1 
. 1 _ .. 

1 ! 












T" 






. 












-■ 


- - 




=^ II 


T 


i 1 


i 1 1 


1 

_l 
n 


! ' : 1 1 M 


; 










i 




1 


1 




1 


2 


3 ■! i 


fi 7 B q t.) 


12 \.\]i 'I'hr, w 13 


••-<?('-\.n?2 22?''.-J'- 


TV 


n IW tA 


:;3 1'J 


v.. 


3r,37:i8 39 40 


4M?'i3 aaisiabflTflBflg bO 


51 52 53'j4 55 


&6 57 5fi59GD 


61 6? 63 64 65lfiGC7 68 69 70 


71 7273 74 !■■ 


;G77 7H 7'J8[lJ 


i;'^A 


&>).o (5;D !l u'fwp; ;,/j;6l Di^ i'A.a't''\ 


\ 1 


\ 


1 I 
1 ._ 


i 


i 




1 
j 




— 1 








\ 
1 




! 



























t- 


" 1 
1 


1 1 




(Z 


' ;! i^ 


i ■ . : 1 1 i ! ■ 1 ' 
! 1 I'd 0). J. L i. 2 ; 1 .1 iZs ! 


1:. [\.i\z : 




1 

1 
-1 - 

1 

1 ■■ 
1 


1 
i 


- 


1.^ 








1 




t 




































- 




- 




- ■ 




13 r-i^- 


— 


.?_ 


1 1 1 1 ; ' 1 > 

i 0: 1 i ! J J. 

j:o r. : . i._.L i._L. 


1 ' 

1 1 ; 
- — i 

■ ! 

•, i ' 

l/.A 




1 
































'- 


- 










- 


/v^ 


I 


Ml 


' 

4 
1 


-i iol 1 . 


i 
j 


































- 








~ 


- 








f 1 
t ' "' 




- 




















































\\z 


!i 


1 

] - 

\ 

\ 
1 

1 

1 


\\- 

- ~i- + - 

- ! ■ 


1 


i 


















i 






































1 


IS \ 


Li \,3\UaA ^ i_!.La. 


J 1 i 


1 

si" 


.. 












\ 
1 








J- 3 






■ 

1 




— 











-- 


1 
__ j_ 

1 




... 


1 


. _ 


- 








.; :/! ! .]-! J.. 


|J l-lv :.' kt 






'^ 
















- 




! ! 


/ 


I ' i ■ r 

-i \U-\ -1 L- 


-! 
1 


! i i;i i i i7.^l5:.i-7l i.J 


» 


i 1 


«? 



















^7 

3o 






j 1 

T 1"^ 


1 1 
1... 


1 

■r 


11 


-[ 




1 ! '1 ' i 1 










1 
t 

- 1 






1 
1 










\jA .1 i 


'i'i 


■ 


1 




-i - 


- 




- 


-■ 


- 


1- 
( 




- 










1 [j 


U 
\- 


1 ! 
-^4-- 

■t -' 
; 1 
-1--^-' 

i 1 


-t- 
1 " 




-ri 

■ 1-1- 
- . t-. 

! 


, 1 
1 




i 

i 


] i -I- 


1 : 1 


-1 
i 






- 




^ 


1 




— 




1 

-!- 
1 

- L 

i 


r 




1 

i 

-y 

i 




- 




-- 


j 

j 
1 


i 

i i 
1 1 




: 


- 


1 

"1 

— i- 
1 

1 




! 

1 
I 
1 

1 




r- 


1 

T \ 

1 




12 3 4 5 


G 7 E 3 U 


17 13 u it(H5i7 18 ;9 ?ci;''?? ?3;i ?' 


Inll ?8 ?9 3d! 


31 " 


ZZ 31 3& 


3i3_ 


_^s 


33 at] 


11 4?a3 44 111145 47 48 49 50 


51 52 5;; 54 55[56 57 58 59 GO 


0162G3r,4 65 


iG67 58 69 70 


71 7273 74 75 


7G77 7B79 30| 






SWttM WORKSHOP - BHUCtWUOU LUMPING DEMONSTRATION 

STOHH OF AUG 2V. l^TH -2^SUBCATCHJ1£NT_S_^_3 J_J Nj J^l PE_ONtr_ t^M Al/00£g> OF OOrPU T < ^4 QT 

BASIN rjUMfJtR 2 \J<»0 fi^f^S-WO P MM/OOOUT 



NUMHER OF TIML STEPS flO ^ 

INTLGRATION T I Mt INTEHVAL IMINUTLS)* 5.00 ' 

25.0 PEHCENT OF IMPEHVIOUS AHEA HAS ZEHO ULTLNTION OtPTH 
Tci< 70~HA"iNFAL'ir S TEPSV I Ht "tlht INTEHVAL iS " 5. Ob'TlINUTE'S^ 

FOK RrtlNOrtGE NUKBER 1. HAINrALL HISTOHY IS 



n.2H 


0.0 


0.0 


0.0 


0,1? 


0.2H 


0.0 


D.iif 


G.O 


C.12 


0.0 


o.c 


0.12 


0.0 


0.0 


0.1^ 


0.0 


0.0 


0.0 


0.12 


0.12 


0.12 


0.2«t 


0.12 


0,12 


0.12 


0.0 


0.12 



0.0 0^0 q^^ 0.12 a^o o ^iz 

0.12 0.12 0.0 0.12 D.O 

0.12 0.0 0.0 0.12 0.0 

0.0 0.0 0.0 0.0 0,0 

0.0 ' 0.0 0,2M 0.12 0.0 

0.12 0.12 0.12 0.^6 0.2H 

0.12 0.12 0.12 0.0 0.12 



0.12 




0.12 




0.0 




0.0 




0,12 




0.0 





• **•* GUTTLR AND KlHt OflTfl •»•♦« 



GUTTER GUTTLH 


WlUTH 
I F 1 I " 





LENGTH 


SLOPE 
IFT/Ftr 


SIDE 
" L 


SLOHLS 


MANNING 


OVERFLOW 




NUiMJER CONNLLTION 


n 


N 


( IN) 




1 * 10 1 

2 * 20 2 


3,3 




b2U. 
1000. 


0,003 
0,011 


0,0 
0.0 


O.D 
0,0 


0.013 
0,013 


10.00 
10.00 




TOIaU NUHHLR OF GUTTERS/PlKt S . 


2 

















ASTERISK {*] ULNOTES CIRLULAK PIPE, UI AhETEH= , W lUTH, 






• ••*• SUOCATCHMLNT DATft •*»«* 

SUHCATCH- GUTTLR WIUTH ahLA HEHCLNT __ SLUPf RtSlSTflNC L FA CTO R SUHF ACi STOHAGEU N? I NFILTRATION DECAY RATt: GAGC 

flENT NO. OH INLET (TTI ( rtC I IMPLHV. (FT/FT) IMPEflV. PLRV. IPIPLHV, PLRV. RflTUIN/HR) " (l/SEC) NO, 

nAXmuM MINIMUM 

* I 10 6960.0 iO.b 5b. 2 0.09U 0,013 0,2t)0 0,062 O.iet 3,00 O.b^ 0,00115 l_ 

2 2 i'O l09i5.U i;r,7 52,1 0.02S 0.013 0.2t»U 0,062 0,1»4 3,00 0.52 0,00115 1 

TOTAL NUMBEH OF SUBCATCHWfNTS* 2 _^_ . _^ _ „ _ _ 

TOTAL THIBUTAHY AHLA lACHtSd 48.23 



HTDROGHAPHS UILL HL LISTLQ FOK THE FOLLOWING 2 GUTTERS OH INLt TS 

lU 20 



TOTAL MflJNFALL (CU FT» 0,7bi;ttllL Ob 

~ VoTaiT'INF ILTHATION ICU FH -=-■—- U.mibbltl 05" 

TOTAL GUTTEIH FLOW AT INLLT tCU FT) 0.30J»*6ht Ob 

TOTAL -GUHFACf STOHAGL AT tNU UF STOHH (CU FTI0,3700l4E 0*t 

fQTAir'5R0WMErT~Tcu" PTI ~~ (579 

ERROU IN CONTINUITY, PEHCfNTAbt OF RAINFALL. 0.02bH9 






"{fiJLtT HYUROeK'flPM 



BASIN NU 



10.000 



H.oon 



6.000 





PUftOFF 




IN 
CFS 



H.OOO 



• • « 

• * * 



"Tiimr 



«« 
"•'•' 



* 
*• 



* « 
* * 



* 

* • 

• * 



* *•• 



• * 

• • 

• •« 

* *• 



• «• 



* • « 



« « * 
_ 



0.0 



0,0 



* 
* • 

1.0 



« * 



2.0 



• * * 

3.0 



-I-- 
i»,0 



■-I-- 
5.0 



« 
« 
:* 

.-I — ••*•*.. I-. 
6.0 7.0 



-I-' 
6.0 



9.0 



•--I 
10.0 



Tint. IN HOURS 



EHHM WORKSHOP - BHUCEWOOU LUMHING Ut HONSTRATION 

TOTflL SIMULATION TIHt. =_k:t UPD .JJ^SLCONUS, TIML ATL.-_= 30 0_^0_ SECONDS . 



INFLOW PULUJTO&UAPHS flNU HTUKOGHAPHS AT THt FOLLOWING EXTERNAL LLLMENT NUMBEKSJ 
1 ^ 



EXTLKNAL 

ELEMENT 

NUMBER 



StLLCTEO INLET HYUROGHAPHS - CFS 



EXTCKNAL 

ELEflLNT 

NUntJEH 



SCLECTED OUTFLOW HYDRObRAPHS - CFS 



TIME STEP 
1 








2 


C.G^th 


u.,;06 


D.3My 






o.?.ss 


u.ta T 


0, /v/ 






i.iii 


1 .i«;H 


l.A?i 






1,43b 


1.B05 


l.blb 






o.oy* 

' " 1 . 161 


11,061 


O.Uli' 






2.0'W 






H .'*fe9 


i.lli 


2.472 


- 


- 


\.?-l^ 


U,»J5? 


.4KU 




3 


, Oflfe 


U ,0f>& 


ti,22U 






0- igy 


D.AIH 


0.602 






1. J37 


l.i2b 


:.323 






1.255 


l.fcb9 


1,757 






0,li+fl 


a,oy2 


u . U^U 






1,^7/ 


l.U2-i* 


1,^36 






b.ooe 


i,bl4 


2.t4l 






1.320 


1.043 


0.6bt) 



C.298 
1.113 

l.ino 

1.U64 

o.oae 

3.273 

1.S19 
0.266 

0.357 
0.V49 
1.258 
1.327 
0,0'*9 
2.b24 
2.136 
O.tfOl 



O.J 7y 

1.512 

0.90Z 
0,336 
3,63H 
1.6fl8 
0,15b 

0.262 
1.319 
1.066 
0.9H6 
0.122 
3.621 
1.749 
0.256 



U.lOb 
2,0U9 
0.061 
U.962 
0,62tJ 
3.117 
2.063 
U,09b 



0.173 
1.616 
0,679 
0.916 
0.396 
3,35b 
l.BHb 
O.lbZ 



e 



0.062 
2.276 
0.94 7 
U.760 
0,670 
2. 7 OH 
2.501 
0.062 

0.102 
2.225 
906 
0.696 
0.746 
2.621 
2.348 
0.093 



0.05H 
1,905 
0.649 
0.446 
1.719 
3.166 
2,416 
0.043 

0.062 

0.919 
0.619 
1.243 
2.903 
2.507 
0.061 



0,102 
1.4''2 
0.663 
0,256 
2.614 
4,745 
1.912 
0,031 

0.061 

l.6^4 

0.641 
0,394 
2.299 
4,13b 
2.134 
0.Q42 



10 



0.102 
1 .356 
1,076 
0.LS2 
2,137 
5.617 
1,497 
0.023 

0.111 
1,363 
0,946 
0.2<*9 
2,473 
5.477 
1.65G 
0.030 



GHACH OH iKANSPOKt OUTPufnflTfi KE1 - RnyCLU (lOD 



10.000 




TIME IN HOURS 



2. S08CATCWMFhJr?> 



0.?dO 



0.200 



0.150 



LHS/I-IN 



N3 
O 



0.100 



O.ObO 



0.0 



GM<i('M u^ TMA^M•OHT OuTf'Ut Oaf* SLT - flHUCtWOOU 






* 
• at 






« 

* • 

* • • 
« • * 



♦ • 



* 

* * 

* * 

* * 



• * 



« 
** 



« *• 

• « 

* 

« 



«* 



o.a 



1.0 



-i- 

2.0 



•« 

* ** 

.-I *««*«. I.. 

3.0 4.0 






* • 



■-I- 
5.0 



• •• 

6.0 7.0 



-I I I 

a.o 9.0 10.0 



Tine IH HOURS 



2- ^OACA-rCMMcKJT^ 



GHAPH Dl- IHANSHOHT OUTPUT" DATA SLT -BflUCfcyOOD 



9.000 



M.ono 



3.000 



ss 

LBS/MIN" 






2.000 



i.roy 



0.0 



* 



• * 
«■_ • 

* * * 
• • * 



*« 
** 
« 



* 
«* 

* • 

• * 

** « * 



* 
• * 



* • • 

* •* 

* » 
* 

* 



0.0 



« 

1 



2.0 



• • * 

** * 



♦ ♦ 
* 



* ** 

■ « « 



-1- 

J.O 



4.0 



5.0 



b.O 



-I-' 
7.0 



S.Q 



■-1-- 
0.0 



•--1 

10. 



TIMt IN HOURS 



6HAPM Oh THANSPOKt OUTPUT DATA StT - HRUCtWOOO 



&.ooe 09 



•I.OOC 09 



3.00C 09 



* 

«« 

*• 
♦ '« 



fsj 



COtlFORH 



2. DDL D9 



** 
• * 



• * 

• * 
*• 



« 
•« 



• • 



« • 
• * 



i.ooe: 09 



* ■ 






* 
« 



« • 

» ♦ 

• " ♦ • 

* • • 

• « 



• * 

« « 
* 



* * 

• *• 
*« « 



*• 



0,0 



• • « 

• • • 

■• — !• 

0.0 1. 1 



2.0 



-1- 

3.0 






I-' 

.0 



5.0 



-I ••*«..x.. 

6.0 7.0 



-1- 

B.O 



.-I-. 
_9±0. 



— I 

10. 



Tin£ IN HOURS 



SWMh UOHKSHOP -oRUCtWOUO LUMPING ULHONST«AT J ON 



BASIN NunbER 3 <-00 va4<-"S HOP KAAsJOOOx^ 



^ U « U ER^b^T'rMEr~S JLPS~ ^~60 ~"~ ^ 

INTEGRATION TIME INTERVAL (MINUTES)i 5.00 
25,0 PERCENT OF IMPERVIOUS AREA HAS ZERO UETENTION DEPTH 
ToR 7 ' h"A I N F A L L TtTpV . I HE T fHr"! NT E R V A lTTS 5,00 MINUTES 



^.'FO'R HAINbAGE NUMBER" l", RAINeALL HISTORY IS 



. 0^24 0_. Oj.J 0^, 0__ .0 . 0.0 p .12 0,0 0.12 

0-1^ o,2<i 0.0 0.12 0.12 b;i2 oTo o7i2 oTo otl2" 

°'°^ 5'!^ ?'? °*°- °'^2 °'° O'O 0«12 0.0 0.12 

0.0 
0.0 



0'^2 0.0 0.0 0.12 0.0 0,0 0.0 0.0 0.0 

0.0 0.0 0,0 0.12 0.0 0.0 "" 0.24 " " 0.12 ~" 0,0 

°']l 0-12 0.2H 0.12 0.12 0,12 0,12 0.;S6 0.2'* 0.12 

0,0 



±•12 0_^ 0^.^ 0_^1 2 0,12 .12 0.X2 0.0 0.12 



• ••• SUBCATCHMLNT DATA ••••• 



JBCATCH- GUTTER WIDTH AHtA PERCLNT 


SLOPE 


RESlSTANtt 
tHPFRV. 

0.013 


FACTOR 
PtHV. 


SURFACE STORAGttlNl 
IMPERU. PERV. 

0.062 0.184 


INFILTRATION 
HATEUN/HRI 
MAXIMUM MINIMUM 
3»00. ..,0t52_ 


OECAT RATE 
U/SEC> 

„_ 0, 00115. 


_GAQ.^ 

NO. 


'NT NO. OR INLLT IFT) (AC) IMPEHU. 

_1 1 2 HOOO.U *»0«2 ._Htt,»t 

)TAL NUflHtR OF SUBCATCHMENTS. I 


(FT/FTl 
0.0b2 


)TAt THIBUTAKT AREA tACHE^I, M0.2^ 
















ro 
















*r 




















■ 

































UATLNSHLD DUALITY ULFINITIONS 






SUDARtA LAND USL TOTAL GUTTER NUMBER OF^ 
NUMBER CLASS. LLNGTH*10*»a FT, CATCHBASINS 

11 1 16**.0t> /b.OO 



'DftOGRAPHS UILL tit LlSTtO FOH rHt fOLLUWING 1 GyTTEKS OK INLLTS 

2 



)TAL RAINFALL (CU FT » 0,752ei2E 05 



)tAL INFILTHATldN (CU FT > CiBBSiOE 05 

)TAL GUTTLR FLOW AT INLLT ( CU FT) 0»3237blE 05 



JTAL SURFACL STORAGE AT ENO OF STORtt fCU F T ) 0,H0m650E OH 



|o 

^ :fAL SNOUMELT fCU Tfl 0,0 

^KOH IN CONTINUITYt PEKCENTAtiL OF HAXNFALL* 0.007da 



TFIC^1^^^^DR0^G1RPH" 



RASIN NO ' 3 



'-si 



10.000 

































-- - - 


















fl.OOO • 














——■ — 






































6.000 - 














RUNOFF 






ZN ] 
CFS 














H.OOO • 






• 
* 
• 






• » 
«• • 
*• * 




.*■ 








'', 


a 
a 


*• « 
* •* 
k • 


« 
« 
• • 


— ^ - 


- "- 


~ 






• 
*• 


• • a 
«• a 

*m a 


* •• 

• « • 

• * • 




2.000 • 


• ♦ * 

[ • * •• 

« •• •• 
* •••• j» « 


• • i 

• • *- 

• *• 

* •• 

* *« 

* * 




• * • 

* • 
« 

* 
*- 
W 


,- 














* • • * 
* * • 
* • •• •♦ 


* 
* 
* 
• 




* 
* 
• 
** 















0.0 *--' 
0.0 



1.0 



2.0 



i.O 



H.O 



5,0 



b.O 



7.0 



8.0 



•-I-- 
9.0 



--1 
10.0 



Tint IN HOURS 



SWMH WORKSHOP -BRUCEWOOD LUMPING ULPIONSTRAT ION 



TOTAL SIWULAT!OfJ TIME = iilOOO.O SECONDS, TinE STEP = 300,0 SECONDS. 



INFLOW POLLUTOGRAPHS ANU HYOHUGHflPHS AT TH^t^ FOLLqWNG_EXTE«NAL_U.yiE_NT^ 
2 ' 






EXTERNAL 

ElLMLNT 

NuretH 



timl step 
1 



0.500 

i.7a& 



U.llD 
1.016 

i.ioi 



'£ 



O.flbl 
1 .t2i4 
1.9b7 

u,oe<4 

l.fc77 
U.b55 



1.092 
I.IIS 
1.2?'* 
0,0h7 
2,839 



0.337 



SELECTED INLET HTDROGHAPHS - CFS 



O.O^T 

1.112 

1.042 

U.939 

0.2B9 

3.ai3 

1.765 

0.224 



0,fiH£ 
1.563 
. 662 
1,198 
0.725 
3.57J 
5.023 
0.15B 



0.026 
2,302 
I.15J 
0.950 

0.701 
3,022 



0.117 



0.017 
2,150 
0.926 
0.'i93 
1.098 
2.695 
2.722 

0.090 



B 



D.1D5 
1,672 
0.610 
0.305 
2.556 
3.920 



2T315 
0.070 



10 



0.25<* 


0.S2B 


1,525 


1.465 


1.121 


1,276 


0.206 


0.147 


2.675 


1.413 


5.616 


5,632 


1,733 


-T.'557 


0.0^7 


0,046 



SELECTED OUTFLOW HTOflObMAPHS - CFS 





EXTERNAL 

ELEHCNT TiriE STEP 

NUflBER 1 


/ 


5 


'* 


b 


6 


7 


8 


9 


10 






3 0,029 
0.567 


U.Zbfi 
0.i>3b 
1.429 
1.942 
U.IOO 


0,511 
0.579 
1 .*ti?U 
1.626 
0.063 


0.355 
1.119 

1,2S3 
1.010 
0.096 


0.101 
1.319 


O.OHb 

i.99e 


0.026 
2.319 

1.107 

0,747 
0.837 


0.029 
1,870 
0.851 
0.412 
1.632 


0.122 
1,547 

0,917 
0,296 
2,640 


0.256 
1,491 
1.228 

0.202 
1,996 






1,529 

0. mt 
I, oat 
t.b'*2 
1.3H0 


0.935 
1.021 
0.387 


0.95ii 

1.140 
0,762 






1 .263 
3,^ab 

o.eub 


2.390 
2.73V 
0,1»*3 


3,551 
2.03b 
0.326 


3.771 
1.824 

0.219 


5*201 
i^,343 
O.lSb 


2.696 
2.701 
0,119 


5.442 
2,516 
0,088 


5.185 
1.966 
0.069_ 


5,955 

1,562 

0,056 














ro 
























<D 




























— -_ 






















. 








































































~ ■■ 


-— 














^ 





















GHAPH 0»- THANSPOKI OUTPUT DATA SET - BRUCtWOOD 



10.000 



8.000 



6.000 



O 



FLOW 
~" "1 N ~ 
CFS 



<»,000 



• • • 

• • • 



2.600 



* • 

• * 
* 

* 






* < 



* * 



* 
* 
* 

• * 
« 



•» 



• *__ 

• * • 

• • • 

• • * 



• * 
* 



0.0 



• * 
• --•■* 





• •--I 



1.0 



2.0 



3.0 



t.O 



tJ.O 



6.0 



••••--I-- 
7.0 



■-I-- 
8.0 



■-I-- 
9,0 



•--I 

10.0 



TiriL IN HOURS 



GfiAlf»fi~Cir"TfrANSF'0RT"OUTF*uT DATA Stt - BRUCTwOOD' 



0.2b0 



0.?00 




0.1*}0 



800 
L8S/MIN 






0.100 






«* 
* 



Tr.TJSTT 



• * 

* * 



• * « 

• «* * 



* 



* 



* * 
« * 



0.0 



0.0 



1.0 



-I-' 

^.0 



6,0 M.O 



-I- 



* *• 

• * « 

b.O 



-I-- 

7.0 



-I I I 

8.0 9,0 10.0 



TIHL JtJ hnuHS 



J_J5\) a CAr CjiA ^ ^ MX 



6KAPH 01- IRANSHOKT OUTPUT DATA StT * BRUCLUOOD 



5.000 



H.OOO 



9.000 






88 

LBSTHiN^ 



2.000 






1.000 



« 

• « 

* • 
« « 

* * 



• • • 

• •* 



• •* 

• *• 
• _ • 

• « * 

• « * 



0.0 



* 
• « « 

0.0 1 



• * « 

• *• • 



.0 



— I-- 
2.0 



* • « « 

• • • * • 
«• « * 

* •* 

■ --I -•*»****-! 

3.0 <(.0 



• • • 
*• * 
• ♦ 
■-I ---------••••••*•■ 

5.0 6.0 



7,0 



-I-- 
6.0 






--I 

.lOjO. 



TIME. IN HOURS 



(iHAPH 0^ THANSPOfrt OUTPUT DAtA SET - BRUCLWOOO 



btOOt 09 



4,00E 09 



3.00e 09 






COLIFORH 



2.00E 09 



l.OOC 09 



• ■ 

* • 






* 

* • 
* « 



» 
*« 



« • * 



* • 

* * 



• * 

• * 

• « 



*4 
*« 
*< 



« • • 

** « 



« 

* • 

« 



u.o 



«» 
« « • 
« « * 



> • 

r * 

* • 






0.0 



1.0 



2.0 



i.O 



"♦.O 



5.0 



6.0 



7,0 



— I-- 

8.0 



■-I-- 
9.0 



■--I 

10.0 



TIHL IN HOUI^S 



JAMES F %'«LAHEN I.TO 

GENERAL PUHPOSE DATA FORM 






KtYfUNCH I 

i\';TRiiCTio:*s / 



'6.1^_MV\._.._ lO0CKSH<yP IsuHMn rioav ^^ 



/ ()iA^'!^M, pQ_ ^(\/_^yV^ 






'AGE NO 




;i7ii)i9M?i-':.''jf ■ i-iii 71 ?a ;9 Bii jjt 3^ 33 :;^ ja tut, j 'j^ ga ^iiJim? 'jj 4< jqI^Vmho so 



JAMES F Mj, LARFtN L 10, 

GENERAL PUHPOS^ DATA mnr. 









N r 



pKkJ'^LS. .V\ 






V2- 



10 
H 

13 



i ; 1 ■ ' I 

! ! \\\Q 



ro 



:^? 3^'i ^n (j ?■ r, ' t.ijn I? li i; p,'h I M„ v:>i|.-i . ;■ i >;1 ■, 



7^ Mo,-, . 2' I ■ \ / ' 20 ■ ' I I 

I I - I '1 

/2, 1/3 - 2 ^: 



:'! : ^ . i I 



+ 4 - -r-- 



I"' 



12 3 1:: 






-f - 

I 

H- 



T" "'" 



1- 



1 j ' i I 1 ' I ! 



-i_-L 



-l-i_i. 



fi_ >^B 9 )o!n i; I3 H i;. 



1 - 



I ; 



n- 



-t i— '- ■■- 



I'll I 



-t— - -1 1-4 t - 






41- 



1 



12 3 4 5 



e 7 8 5 



■1 ;- 

i I ' 

1-.-. u 



( . ..i 



Li 1- 
14 i J 



1 1 



L .1- 



24? 



! ! 



?ij 71 n ?:<:tr, 



I. ,_i_'. , 



r"i 



r-r-r-f- 



r 



-r- 



-i 



-r }-t 



-1 :? 13 14 i5ii6'.7 1: !9;'ji;u?;37i ;: 



I 



I I 



t i ■ ' 
!/ 8 2'v 



i I ! 



I 



! I 



[ I I 



- ( 



--L-i .1...I 



3(i37 3H3t)40 



f- 



-t- 



^hl~t- 



2ft 27 2B?n:o;3i 3233 3435,35373 33940 



4H2A3 44 41464748 49 SO 



41 (243 44 4b 



! i ' 



46 47 48 43 M 



'.. ! r>y -13 M '.! 



.Ioio5 



51 52 53 54 55 



51 52 53 54 551565758 59 60 



i')i.'i;Tii(!v'i nii|t.ii,''i|.!fi(ij,^ 



i i ! 



56 57 5859 60 



St 62 63 64 65 



6162 63 64 65)6667 68 69 70 



iii.t;/i,iii,') 70 



6667 68 6? 7 p 



71 7? 73 74 7b 



71 72 73 74 75 



^' nU 74 75 



7r 7 7 78 79 BO 



7t777a79BO 



7677 78 79 80 



SWMM WORKSHOP - HUNOKt dLOCK 

LUMPING EXAHPLL NO.l - gTR DESIGN STORM 





8ASIN NUMbtR 1 


- 








- - - 
















NUMfcltR OF TIMt STtPS HO 

INTEGRATION TIMt INTERVAL (MINU 

iltj.O PERCENT CF IMPERVIOUS ARLA 

EROSION FOR SUtiCATCHMLNTix IS T"0 
MIGHiSl 50 MIN. RflIN INTlNSITV 

for' £0 RAINFALL STEPS, IHt Tine 


ES), 5,0 

HAS ZLHli ULIENTION DEPTH 








■— . 
















BE MODELED. 
S 1.08 IN/HR 












Ni 


. INTERVAL iS 5.00 MINUTES 












crv 


FOft RAINGAGL NUMBER It RAINFAl 
0.12 0.14 O.lb 

0,67 Q,^a 0.57 

OEGRCE HOL'R MELT RATE = 0.0 
TtrPERATUer CF SNOW bASL = 
'^WIND'FACTOK*' 0.U0500 ~ 
GAMMA FACTOR = 0.0?yi3 


-L HISTORY iS 

O.m 0.?2 ■ 0.29 


0.42 


0.91 


2.66 


1.16 
0,0 






0.51 0.27 0,24 


0.21 


0,19 


0,1« 






dO.O 




























tlmpehatuhe at eack timl STLH 

40,0 40,0 40.0 

4 0.0 4 0,0 40,0 
40,0 40.0 40.0 
40.0 40.0 40.0 


4U.0 40.0 40.0 


40.0 


40.0 


40,0 


40.0 






40.0 40,0 40,0 
40.0 40.0 40,0 
40.0 40.0 40.0 


40.0 

40.0 
40.0 


40,0 
40.0 

40.0 


40.0 
40.0 

40.0 


40,0 
40,0 

40.0 








































• ♦♦** GUTTEH AND HlfE DATA ♦*•** 

GUTT LH GUTTH.H WluTM LLNGTH :^LOPt: SIUL "^L QPE.S MANNING OVEHFLOW 

NUMBErt CONNECTION (FT) (FT) (FT/FTl L K N (INI 

._i__ •_>JP.^_ 1.0 Uf*. ^^J^* __. D?J?o5 o ,u 0. o.oi a 10.00 

TOTAL NUfintH OF bUTTtHS/KIHLS » 1 



ASTERISK (•) ULNOTLS LIHLULAH PlPti I AliE 1 1 H= . U IDTH , 



*••*• SUBCATCHHLNT UATA ••**» 

jUgCATCH- GUTTEH WIDj."_ _^'^^ft_ Pt-RCLNT ^LQP£ WESISTANtt FACTOR SURFACE STORAGE (IN I INFRTR ATION DECAY RATE GAGE 

riENT NO, OH INLLT (»-T) tflC» IflPLKV. IFT/FTJ IMHERV^^ PLRV; IMPEHV^ PtRV^ RATEdNTHHfi d/SEC) NOT 

- * - - 1 10° 3051. U b.fc US. 5 O.OaO 0.013 e,2b0 0,062 O.IB"* 3,00 0,b2 0,00115 l_ 

TOTAL NUMBER OF SUBCATCMnfNTS* I I 



TOTAL TRIBUTARY AREA (ACHES). G,bl 



oo 



•*• SNOW UflTft *♦• 



SiltiCflTCH- PCHCtNT U.L. HLHCtNT W.E. PLHCLNT INlTflL f.W. PEHCE.NT RLSISTaNCE FACTOR 

nrNT NO. IHPLHV. IIM ^'LHV10Ub (IN) IMHtHV. PLKV. F.H.H.C. inPERV. PtHV. 



;;b.u 



0.<!5U 



€.:>.o 



O.bOO 



if.DO 



■d,VO 



2.00 



u.idUE-01 o.:f:)0 



»J3 






AHRAi-iGEMLNT OF SUBCATCHfltNTS ANU GUTTEKS/PIPES 



GUTTER 
OR t'IPE. 



TKIBUTAKY GU1TLH/PIHE 



lOO 
INLLT 

10 



THIbUlAHY liUl rt.HS ANU/UH HIPLS 
100 



TRIBUTARY SUBAKEA 



THIBUTARY SUHAKtAS 



CJUftLlTY OLt-AULT PftKAMLTLK CHANGES 

NQS= 10 

tJDFftCT 0,/ouoo ;e.;nou i,3oco t.fenuu i.booo 



SET-s luo.un 100, ou luo.oQ ino.uo luo.oo 

sus-s iLioii.n i'j(j(i,u iDon.u inon.u luoo.o 

COLlf- O.bSUUOt. 0' O.?7D00L 0"/ 0,17000L U7 U.IOUUOL 07 U.O 

000 5.Q0U0 S.6D00 7.70U0 5.12UD 5«0OOU 

con yn.OUO MU.ODU J9.CD0 UU.OUU 20.000 

NU-_ 0.'*60U0 U.fel'JOU 0^41000 0,M5UUU U,500UO E-0 1 

POit 0,t)OUUOL-Ol U,bUOOUL-01 U , 700ddE.-Ul 6,JlduU0E-0l u.i'oouuE-oi 

OPEASC l.OOUO 1,0000 1,0000 l.OOUO 1,0000 

P8 O.C 0,0 0,0 0,0 0,0 

^\- 0<U 0*0 0,0 0.0 OvO 



pi ..,.,OUflLITY SinuLAriOW INCLUOE^O IN THIS RUN, 



IigPUT PARAMETEHS AS FULLOWS 



MUhfctER OF CONSTITULNIS 10 



NUPICER OF URY UAYb Ib.O 

STKtLT CLEflNUJb FrtEQ 7rd~DATS" 

Passes per cleawino i 



STO CATCMeASIN VOLUflL 20,00 FTi 

CATCHbflSI.M CONTLNTS'bOU "100,0 CiG7l" 
HETHOO FOR CALCULftTINti SSI 



Same AS FOR ALL OTMEK 
f'OLLUTANTS IVUL. 1 I • 
ISS = 






WATtHSMtD QUALITY ULf-INIlIONS 



SUOfiHEA LAND USL TOTAL t'UT TER _^ ^NUMBEfi OF 
NUhbtK CLASS, LLNGTH*iO**Z FT, CATCHBASIWS 

^ ^ 1 li.2b 12,00 






HTDROGRAPHS HILL HE LISTtD FOk THt f^OLLUWING 1 GUTTtHS OK INLLTS 

$0 



GUTTER 1 SUKCHAKGtD, SURCHflHGt V 410. CU FT. FLOW = b.8 CKS. Tifit JOOO.U SEC 



_TO_TAL..RAINFALL (CU FT) O.lBTaSttE 05 

TOTAL INFILTRATION ICU Ft) 0,1ZOJ46E 05 

TOTAL GUTTER FLOW AT INLtT (CU t- T ) 0,961180E Ot 

J.°IAk-5UKFftCE STORAGE AT LNU OF STORM (CU FT ) . bbOOOyt 05 



TOTAL SNOWKELT ( CU FT) 0.3iti509E 04 

"E:RRbR~IN CONTINUITY* PERCENTAGE OF RAINFALL, -0.92812 



• * « * * 



SUMMARY 



U I- 



F- I N fl L 



S N U 



CONUITIONS 



• * « * « 





WATE.RSHLO SNOW tCVLRLU (iKtA (SQFTt 


ULPTH OK SNOW (FTJ 


f^REE HATLH (FT) 








IMPLRV PLKV 
1 A21b2. lU^UDO. 


IMKtHV Pf.HV 
0.0 0,02Jb7 


inPtRV PERV 
0.00000 U.000M7 










1 








< 




— -..__. 




















■ — 








: 


































_. ,.^. _i, ^ .. — 






















KrtJNFALL HYLTOPHAPH BASIN NO 


1 






S.DOO I 












I 












f'. 












1 












I 












I 












1 












1 




,.- . 






— _ ^ — _- 


t 












I 












4.000 - 












1 












_, t 

t 

■4 I 

I 




— ■ - . .,. , — 




- 






I 












I 












1 


- -^ 


.--.-- 


- - — 






i 
3.000 - 








I 




**• 








I 




* * 








RAINrALL I 




* • 








t 

IN I " ■ 
I 




» » . 










*: * 








IN / hH I 




4 • 








I 




• ♦ 








I 




« • 








a. 000 - 




• « 




>. 




} 




9 ■■•- 








I 




■»■■ ■*( 








I 




* * 








I 
z 




• • 








, I 


^.r. 


* • 








X 










t 




* «** 








I 












1.000 - 












I 




♦ • • 








I 


..-, — 


'* * 








.* •• 








.f 




■*■■ • 








I 




* *** 








I 


**« •** 








I 


*•• 


«*** 








I *•• 


*•* 


«**•«••« 








0,0 I 


0. 


* 








0,0 


5 1.0 1.5 2,0 a.b 3.0 3,5 


•♦.o 


•♦.3 


5.0 



TIM IN HOURS 



HAINGAGL LtbENO 



1 = • 
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Dfet^INITIONS OF CUAnTITY CULUMN HEADINGS 

if 

rjUf-iKLK OF hJUl'.^ PAjr MlurjiGlir ThJS fcVENT BEGAN. 

;jUMULk UF HuUK^ ilf.Ct END UF LAST EVENT, EXCLUDING SUMMER MORE THAN. ^80 HOURS . 

UUHATION UF SlUHM F-.^OM f-IrtST HUUr* Uf RAIN TO LAST HUUR OF RAIN, 

NLiMdi.-* Ill muUk^ in which rainfall UCCUrtRED DURINli EVcNT. 
AM.bM (It- ^Al(,f-ALL UU.<1N0 ThC EV>.NT IN INCHES. 

PUi^iUI-l- UURING EVENT IN JNCHlS. 

NUMUL^ Oh hUUf-S Fr^LiM LAST rtAifJFALL TO END OF EVENT, 

Ttr^L Nu^M^i^ l.h huURS ShJKACc WAS UTILWEO. IE, LENbTH UF THE fcVcNT. 

MAXIMUM AMCUNl OF STUKAGE UTILUlD, IN INCHES. 

UVfcRFLU.> EVENT SEOUtNClNG NUhKCK. 

NUMOlk Ui HOUkS ELAPSED hEFUHE OVEftFLOK STARTED. OR. IF NC OVERFLOW, HOUR OF MAXIMUM STORAGE 
Ji- : .•< yi<r HOURS IN r.hICh UVc^fLGw OCCURED. 
Ui.;A,liTy OF hATER KElEaSED UNTREATED, IN INCHES. 
LOANTITy of hATER mcILEASlD UNTREATED DURING THE FIRST 3 HOURS OF OVERFLOW, 

NUMbcR OF HUUKS HATER V.AS TRcATtu UUR[NG THE PRESENT EVENT AND SINCE THE PRfcVlOUS EVENT. 

QUANTITY Uf WATER T.<£ATEU DURING THE EVENT AND SINCE THE PREVIOUS EVENT. 

AVERAGE AGE HOURS UF TREATeD RUNOFF. 

MAXIMUM AGt HUURS OF STURAot ON FIRST IN, FIRST OUT BASIS. 

MAXIMUM AGE HOURS OF STORAGE ON FIRST IN, LAST OUT BASIS, 

yUANTITY WEIGHTED AVERAGE AGE HRS OF STORAGE ON FIRST IN, FIRST OUT BASIS. 

OUANTITY WtlGHTbU AVERAGE Abt HKS OG STORAGE UN FIRST IN, LAST OUT BASIS. 
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WEST TORONTO AREA 
OVERFLOW FREQUENCY 
(BASED ON 1973 RECORD) 




0.04 0.06 0.08 

INTERCEPTOR CAPACITY ( IN/HR ) 



INPUT DATA DESCRIPTION 
FOR 
SWHM 



EXECUTIVE BLOCK CARD DATA 



CarJ CirJ 

group Format ci'Ik..:!^ 



Description 



Variable Default 

r.ame value 



3A4 



I/O tape/disk assignments. 

Wt^ i^i: Input tape assignment for first block JLNCl) 

to be run. 

S~'B: Output tapo assignment for first block JOUT(l) 

to be run. 

9-12 Input tape assignment for second block JIN(2) 

to be run (usually the s.jj.e as the output 
tape from first block). 

15-16 Output tape for second block to be run. .J0UT(2) 



77-80 Output tape for tenth blcvk to be run. JOUT(IO) 



Scratch tape-disk assignr, nts. 

':S.I;4 -i-4 First scratch tape assign:.. ent. 

SrS Second scratch tape assir.uuic-nt . 

9-12 Third scratcii tape ass igi.-.ent . 

i3-iu Fourth scratch tape assigiuiient . 

17-20 Fifth scratch tape assign::. 'jnt . 



Ki'TKAT CAKIJ 6 FUR CAfil bl.cfK TO BF CAl.Lai. 

Control cards indic.Ling '.vaich blocks 
In tlio program are to be -allod. 



l--:2 Name uf bluck to be call*.-. 



(;:;a::k 



:;scRAi(i) Q 

NSCRAT(2) 

NSC! AT (3) 

NSCK^VrCA) 

NSr:RAT(5) 



Names must start i :i -iilumn 1 . All h locks u. ly be .. alied ^ijre than once 1 f ovi rlay 
is not used or it .'■.•■r l.iy is used one or more bl( -ks may be rcpoateJ if overlay is 
set up for this. :".e Section 2, Initial Jol- Set--p. 
NOTF : All non-decli .' !. nui.ihers must be right -adj u-. led. 



m 



EXECUTIVE BLOCK CARD DATA 



Card 
group 



FornuiL 



Card 
columns 



Description 



Vari;!l)lc Defftu] t 
n.uitc value 



CNAME = KirNOFF for Runoff Block, 

= Tt^JJSPORT for Tnuv^pojii aiock, 

" RECEIVING for Receiving WaLer 
block 

= STORiVCt; for Stor.igo Block, 

= COMBINL for Combine Block, 

= GRjU'H for GRAPH subroutine. 

= ENDPROGR.\M for ending; the 
storm water simuiatiou. 



«i5 



IKSl-RT THi;Sl-: C/\RIiS AFTKR EACH CN,V5E = 
GRAPH IN C^UD GROUP 3. 

Control cdrd. 

1-5 Tape/disk (logical unit) assignmrnL 

whore graph information is stored. 

6-10 Nuribcr of curves of a graph. 
(maxijiium = 5)'"^ 

11-J5 Numt.er of pollutants to bi? plotted. 



16-20 Number of inlets to be plotted. 

(If NPUiT ^ plots all curves on iile) 



1015 



!!■ Ni'UiT - U DELETE THIS CAUI^ 

Inlet SL'lcctioa card. 
l~^ Kirst iulcA number to bo plotted. 

6-10 SfL-ond inlt't number to bu pi (.ati-d 



NTAPE 

Nl'CV 

NPLOr 



ii'Lurci) 

lEEOl (2) 



None 
5 






.None 
Nene 



E.r.t. iiiK'L 



nui!ilii.T to be plot t t.'d . 



ri-l,t)r(Ni'i.uT) N'otie 



■ihis refer;; Lo the nuinhri cU JifU-r.-n( iniets (curvrs) tint vij I U^ i)]otLed 
on one praph; e.g. il Nn.V - i , bydrotjrapi.s , say. frn.n thi<-e inlets will be 



ovrlav--'! en p'tc- piii-n 
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EXECUTIVE BLOCK CARD DATA (Cont'd; 



Ca rd cn rd 

Broup Voru^t colunns Description Variable Default 



name value 



18A4 



Title' card. 
1-72 Title printed with the plots. titl 



None 



20A4 



horizontal axis label. 
1-80 Horizontal axis label. 



^^ 1 7. ,N:6b^' 



REPEAT Ngp + 1 TIMES. 
Vertical axis label. ^ 
m^ I-l^ Line 1 of vertical axis label. VERT(l) None 

9-16 Line 2 o£ vertical axis lab.-l. VEUT{2) None 

17-28 Line 3 of vcjntical axis label. VKRT(3) Nqi^^ 



3A4 



'ss! 2rL:';':,^^'^!:?f"!!:' '^ - "°" ">-'™Brap„, the ;..o„, ^^ ;^;r^;7^:~77: 



SS, and the last is colifonn. 
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RUNOFF BLOCK CARD DATA 



Card 

Group Format 



Card 
Columns 



Description 



Variable 
Name 



Default 
Value 



20A4 



2X5 



13 

12 

F5.0 

15 
F5.0 

15 

F5.0 

IS 



1-5 
6-10 

11-13 

lA-15 

16-20 

21-25 
26-30 



Title cards: two cards with TITLE 
heading to be printed on output. 



31-35 



36-AO 



40-45 



Control card: one card 

Basin Identification number 

Number of time-steps to be 
calculated (Maximum = 150) 

Hour of start of storm (24- 
hour clock) 

Minutes of start of storm 

Integration period (time step), 
min. 

Number of hyetographs (rain 
gauges) 

Percent of impervious area with 
zero detention (immediate run- 
off) 

IROS = 1, Erosion for subcatch- 
ment is to be molded 

If IROS = 1, Highest average 
30-minute rainfall intensity, 
in/hr . 

If ISNO ^ Snowmelt is called 



BASIN 
NSTEP 

NBR 

»MN 

DELT 
NRGAG 

PCTZER 
IROS 

RAINIT 
ISNO 



Blanks 





None 




None 

None 

25.0 



0.0 




15 



F5.0 



1-5 



6-10 



Rainfall control card. 

Number of data points for each 
hyetograph (maximum = 200) 

Time interval between values min, 



NHISTO 
THIS TO 



None 
None 



272 



RUNOFF BLOCK CARD DATA (Cont'd) 



Card 
Group 



Format 



Card 
Columns 



Description 



Variable 

Name 



Default 
Value 



Note: The Runoff block requires only one scratch data-set 
All non-decimal numbers must be right-justified. 



4 



10F5.0 



1-5 



6-10 



11-15 



16-20 



REPEAT CARD GROUP 4 FOR EACH HYETOGRAPH, 

Rainfall hyetograph cards: 10 
intervals per card (Maximum 
number of values = 200) . 

Rainfall intensity, first 

interval, in/hr. RAIN(l) None 

Rainfall intensity, second 

interval, in/hr. RA1N(2) None 

Rainfall intensity, third 

interval, in/hr. RAIN(3) None 

Rainfall intensity, fourth 

interval, in/hr. RAIN (A) None 



4A 



Snow Control Card 

Include card 4A if ISNO 4^ 

on card 2 

4F10.0 1-10 Degree hour melt rate. If this 

field is zero or blank the DHMR 
method is not used for snow melt, 
snow melt is calculated using 
wind, elevt. , and rain. 

11-20 Snow melt base temperature 

21-30 Wind speed (MPH) 

31-40 Elevation of area (in thousands 
of feet le 1000 ft. - 1.0) 



DHMR 



XBASE 
WIND 

ELEVT 



None 



RUNOFF BLOCK CARD DATA (Cont'd; 



Card 
Group 



AB 



Format 



16F5.0 



Card 
Columns 



1-5 
6-10 



Description 



TEMPERATURE AT EACH TIME STEP 
Include only if ISNO ^ on 
card 2 

Temperature in degrees fahrenheit 



Variable 

Name 



TEMP(l) 
TEMP (2) 



Default 
Value 



5 



75-80 



110 1-10 
215 11-15 

16-20 
7F8.0 21-28 

29-36 

37-44 



REPEAT CARD 5 FOR EACH GUTTER/PIPE. 

Gutter/pipe cards: one card per gutter/ 
pipe (if none, leave out) (maximum 
number = 200) . 

Gutter /pipe number. 

Gutter or inlet number for drainage. 

"= 1 for gutter, ^ ~ ~ ^ ~ 
= 2 for pipe. 



Bottom width of gutter or pipe 
diameter, ft. 

Length of gutter, ft. 

Invert slope, ft/ft. 



TEMP(NSTEP) 



NAMEG 
NGTO 

NP 



Problems may occur when zero rainfall occurs several time-steps before 
the actual start of the rainfall (the computer underflows). 

Numbers may be arbitrarily chosen. However, if inlet number is to correspond 
to inlet manhole for Transport Block, it must be ^^ 1000. The maximum total 
number of Inlets must be ;^ 50 for input to Receiving or ^ 70 for input to 
Transport. 



None 
None 

None 



GWIDTH=Gi None 
GLEN =G2 None 
GSL0PE=G3 None 



27A 



RUNOFF BLOCK CARD DATA (Cont'd) 



Card 
Group 



Format 



Card 
Columns 



Description 



Variable 
Name 



Default 
Value 



45-52 
53-60 
61-68 
69-76 



Left-hand side slope, ft/ft. 
Right-hand side slope, ft/ft. 
Manning's coefficient. 
Depth in gutter when full, in. 



GSl =G4 


None 


GS2 =G5 


None 


GN =G6 


0.018 


DFUL1>G7 


10.0 



f 



Blank card to terminate gutter 
cards: one card (must always 
be included). 



315 1-5 

6-10 

11-15 

10F5.0 16-20 



REPEAT CARD 7 FOR EACH SUBCATCHMENT, 

Hyetograph number (based on the 
order in which they are read in) . 

Subcatchment number. 

Gutter or manhole number for 
drainage.^*" 

Width of subcatchment, ft. 

This term actually refers to the 
physical width of overland flow 
in the subcatchment and may be 
obtained as illustrated under 
Instructions for Data Prepara- 
tion.*^ 



Jit 


1 


NAMEW 


None 


NGTO 


None 


WWIDTH=W1 


None 



Numbers may be arbitrarily chosen. However, if inlet number is to correspond 
to inlet manhole for Transport Block, it must be ^ 1000. The maximum total 
number of inlets must be ■^ 70 for input to Transport or ^ 50 for input to 
Receiving. 

Need one inlet or gutter/pipe for each subcatchment basin. 

'As an approximation, twice the length of the principal drainage conduit 
through the subcatchment may be used. 
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RUNOFF BLOCK CARD DATA (Cont'd) 



Card Card 

Group Format Columns 



FIG. 5 



Description 



21-25 Area of subcatchment, acres. 

26-30 Percent imperviousness of subcatchment. 

31-35 Ground slope, ft/ft, 

36-40 Impervious area. Resistance 

41-A5 Pervious area. Factor. (Manning's n) 

46-50 Impervious area. Retention storage, 
in 

51.55 Pervious area 

56-60 Maximum infiltration rate, in/hr. 

61-65 Minimum infiltration rate, In/hr. 

66-75 Decay rate of infiltration in Horton's 
equation, 1/sec 



Variable 
Name 



Default 
Value 



WAREA =W2 


None 


pcmp =W3 


0.001 


WSL0PE=W4 


0.030 


W5 =W5 


0.013 


W6 =W6 


0.250 



WST0RE=W7 0.062 

WST0RE=W8 0.184 

WLMAX =W9 3.00 

WLMIN =W10 0.52 

DECAY =W11 0.00115 



8 



8A 



15 



9F5.0 6-10 



11-15 



Blank card to terminate subcatchment 
cards: one card. 



SNOW SUBCATCHMENT DESCRIPTIONS 

Include only if ISNO ^ on card 2 ■ 

1~5 Subcatchment number (all subcatchments 
in card type 7 must be included. They 
must both be in the same order) 
If JK = -1 the rates for W12 - W19 
are changed. 

If JK = -2 the default values are 
changed . 

Percent of Impervious Area covered 
by snow 

Water equivalent of snow on area W12 
(in.) 

16-20 Percent of pervious area covered by 
snow 



JK 



W12 

W13 
W14 
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RUNOFF BLOCK CARD DATA (Cont'd) 



Card Card 

Group Format Columns 



110 



1-10 



Description 



21-25 Water equivalent of snow on area 
WU (in.) 

26-30 Ratio of free water holding capa- 
city to water equivalent of 
snow on W12 

31-35 Ratio of free water holding 
capacity to water equivalent 
on W14 

36-40 Ratio of initial free water 
to water equivalent 

41-45 Mannings N for area W12 

46-50 Mannings N for area W14 



SURFACE QUALITY CONTROL CARD 



Surface Quality 

NQS = 0, no quality modelled 

NQS = 1, quality to be modelled 

******** THE FOLLOWING PARAMETERS ******* 
ARE NEEDED ONLY IF NQS = 1: 



2F10.0 11-20 



110 
2F10.0 



21-30 
31-40 
41-50 
51-60 



Number of dry days prior to this 
storm in which the accumulative 
rainfall is less than 1.0 inch. 

Street cleaning frequency, days 

Number of Street sweeper passes 

Catchbasin Storage volume, ft . 

Concentration of BOD (mg/1) , of 
the stored water in each catch- 
basin (100 reconimended) 



Variable 
Name 



W15 



W16A 

W16B 

W17 
W18 
W19 



NQS 



DRYDAY 
CLFREQ 
NPASS 
CBVOL 

CBFACT(4) 



Default 
Value 



.03 

.03 



.013 

.25 







0.0 
0.0 

0.0 

0.0 
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RUNOFF BLOCK CARD DATA (Cont'd) 



Card Card 

Group Format Columns 



Description. 



Variable 
Name 



15 



15 



61-65 



66-70 



Method for calculating suspended solids ISS 

ISS = 0, same as for all other 
pollutants (Vol. I). 

ISS = 1, special technique. 
Same as in original Release 1 
of the SWMM. 



If lABLK ?* calls initialize 

routine 

■=1 reads DDFACT 

-2 reads DDFACT & QFACT & PNAME 



lABLK 



Default 
Value 



9A 



9B 



5F10.0 



1-10 
11-20 
11-20 
11-20 

41-50 



1-10 



ABLK DEFAULTS 
DDFACT VALUES 
Include if lABLK j^ on card 9 

Dust and dirt factor land type 1 

Dust and dirt factor land type 2 

Dust and dirt factor land type 3 

Dust and dirt factor land type 4 

Dust and dirt factor land type 5 



Include cards 9B, C, if lABLK ^ 
or 1 on card 9 

Number of pollutants for quality 
factors 



DDFACT (1) 
DDFACT (1) 
DDFACT (3) 
DDFACT (4) 
DDFACT (5) 



NQS 



i 



6F10.0 



1-10 
11-20 
21-30 
31-40 
41-50 



Repeat card 9C for each pollutant 

Quality Factor for Pollutant 1 for QFACT(1,1) 
land type 1 

Quality Factor for Pollutant 1 for QFACT(2.1) 
land type 2 

Quality Factor for Pollutant 1 for QFACT(3,1) 
land type 3 

Quality Factor for Pollutant 1 for QFACT(4,1) 
land type 4 

Quality Factor for Pollutant 1 for QFACT(5.1) 
land type S 
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RUNOFF BLOCK CARD DATA (Cont'd) 



Card 
Group 



Format 



Card 
Columns 



Description 



Variable 
Name 



Default 
Value 



51-60 



Name of Pollutant 1 



PNAME(NQS) 



10 



15 



5F5.0 



11 



Erosion card. 

If IROS =* on Card 2, SKIP 
to CARD 11. 

REPEAT CARD 10 FOR EACH SUBCATCHMENT. 

1-5 Subcatchment number (must be read 
in same order as Card Gropp 7) 

6-10 Area of subcatchment subject to 
erosion, acres. 

11-15 Flow distance in feet from point of 

origin of overland flow over erodable 
area to point at which runoff enters 
gutter or manhole. 

16-20 Soil factor *K'.^ 

21-25 Cropping management factor 'C*. 

26-30 Control practice factor 'P'. 



SUBCATCHMENT SURFACE QUALITY DATA 

CARDS 

(one card per subcatchment and must 

be read in Che same order as Card 

Group 7). If NQS - 0, skip to 

Card 12. 



K 



ERODAR(N) 



None 



0.0 



ERLEN(N) 


0.0 


SOILF(N) 


0.0 


CROPMF (N) 


0.0 


CONTPF(N) 


0.0 



5X 

215 



1-5 Not used. 

6-10 Subcatchment number 



N 



None 



'see instructions for data preparation 



'see instructions for data preparation and 

consult with local Soil Conservation Service 
or Agricultural Research Service experts. 



279 



RUNOFF BLOCK CARD DATA (Cont'd) 



Card Card 

Group Format Columns 



m 



215 



U 



1615 



11-15 



2F10.0 16-25 
26-35 

36-45 
46-55 



1-5 



6-10 



1-5 

6-10 
11-15 



Description 



Variable 
Name 



Land use classification. tL 

= 1, For single family residential, 

= 2, For multiple family residential, 

= 3, For commercial 

•= A, For industrial 

- 5, For undeveloped or park lands. 

Number of catchbasins in subarea. 

Total length of all gutters within 
subarea, hundreds of feet. GQ 

Total pounds of salt applied in sub- NACLBS 

Loading factor for lead in lbs. per PBRATE 

100 ft. of rnrh/H^y 



GUTTER/ INLET PRINT CONTROL: ONE CARD 

Number of gutters/inlets for which 
flows are to be printed (maximum = 
200). 



Number of time-steps between print- 
ings 



NPRNT 



INTERV 



IF NPRNT = 0, SKIP CARD 13. 

GUTTER/INLET PRINT CARDS: 
16 VALUES /CARD. 

Gutter/inlet numbers for which flows 
and/or pollutants are to be printed. 



Default 
Value 



None 

None 
None 
None 



None 



IPRNT(l) 


None 


IPRINT(2) 


None 


IPRINT(3) 


None 



IPRNT (NPRNT) None 
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TRANSPORT BLOCK CARD DATA 



Card 

group 



FomaC 



Card 

columns 



Description 



Variable 
name 



Default 
value 



1615 5 Number of sewer cross-sectional 

shapes. In addition to Che 12 pro- 
gram-supplied for which element 
routing parameters are to follow 
(maximum value ■ 3) . 

10 Control parameter for printing 
out flow routing parameters for 
all ahapes, t.«. 

KPRINT - to suppress printing, 

KPRINT - 1 to allow printing (for 
all shapes, program- 
supplied and additional) 



NKLASS 



KPRINT 



204A 



1-16 
17-32 



DELETE CARD GROUPS 2 TO 10 IF 
NKLASS - 0. 

Name of user-supplied shapes . 

16-letter name of shape 1. 

16-letter name of shape 2. 



NAME 

NAME(I,14) None 

NAHE(I,15) None 



1515 



4-5 
9-10 



Number of values of DNORM to be 
supplied (maximum value = 51, 
mlnimura value = 2). 

Number of values for shape 1. 

Number of values for shape 2. 



NN 

NN(14) 
NNCIS) 



None 
None 



NOTE: All non-decimal numbers must be right-jus tlf led . 

NOTE: Must always specify output tape or disk, two scratch data sets needed, 
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TRANSPORT BLOCK CARD DATA (Cont'd) 



Card Card 

group Format columns 



Description 



16IS 



4-5 
9-10 



Number of values of QNORM to 
be read (maximum value • 51, 
minimum value " 2). 

Number of values for shape 1. 

Number of values for shape 2. 



Variable 
name 



HH 

MM (14) 
MM (15) 



Default 
value 



None 
None 



8FI0.5 1-10 
11-20 



Value of a/a,* corresponding to 
the maximum Q/Q, value for each 
shape. 

A/A value for shape 1. 

A/A value for shape 2. 



ALFMAX 

ALFMAX(14) None 
A!,FMAX(15) None 



Maximum Q/Q, value for each shape. 



6F10.5 1-10 Maximum Q/Q value for shape 1. 
^ 11-20 Maximum Q/Q- value for shape 2, 



PSIHAX 

PSmAX(14) None 

PSIMAX(15) None 



Factor used to dctennlne full flow 
area for e.ich shape, i.e.^ for use In 

AFULL = AFACT(GEOMl) . 



A FACT 



a/a. - ANORM is the cross-sect lonal flew area divided by the cross-sectional flow area 
of the pipe running full. Tabular values of ANORM are generated in the program 
by dividing the ANORM axis (0.0 - 1.0) Into NN-1 or MM-1 equal divisions. 

Q/Q* " QNORM is the flow rate divided by the flow rate of the conduit flowing full. 
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TRANSPORT BLOCK CARD DATA (Cont'd) 



Card Card 

group Format columnB 



Description 



Variable 

name 


Default 
value 


AFACT(14) 
AFACTCIS) 


None 
Noae 



8F10.5 1-10 Factor for shape 1. 
11-20 Factor for shape 2, 



8F1D.5 1-10 
11-20 



Factor used to determine full flow 
hydraulic radius for each shape, 
i.e.f for use In equation 

RADH - RFACT(GEOMl). 

Factor for shape 1. 

Factor for shape 2. 



RFACT 



RFACTC14) 
RFACT (15) 



None 
None 



8F10.5 1-10 
11-20 



REPEAT CARD GROUP 9 FOR EACH 
ADDED SHAPE. 

Input of tabular data (depth of 
flow, y, divided by total depth 
of conduit, y, (y/yr)) for each 

added shape corresponding to the 
NN-1 equal divisions of A/A, of 

the conduit as given by NN on 
card group 3.' 

First value for y/y, for shape 1, 

Second value for y/y, for shape 



DNORM 



DN0R>I(1,1) None 
DN0RI1(I,2) None 



Last value of y/y, for shape 1, 

(Total of NN(i4)/8 + NNC13)/8 
data cards) 



DNOim(I,NN(I}) Nont 



y/y, = DNORH is the depth of flow, y, divided by the maxlmuni flow depth, y, 
{e.g., diameter of a circular conduit). 



TRANSPORT BLOCK CARD DATA (Cont'd) 



Card 

group 



Format 



Card 
columns 



Description 



10 



8F10.5 - 1-10 
11-20 



REPEAT CARD GROUP 10 FOR EACH 
ADDED SHAPE. 

Input of tabular data (flow rate, 
Q, divided by the flow rate of the 
conduit running full, Q (Q/Q,)). 

for each added shape corresponding 
to the MM-1 equal divisions of A/A. 

of the conduit as given by MM on 
card group 4. 

First value of Q/Q. for shape 1. 

Second value of Q/Q, for shape 1. 



Variable 

name 



QNORH 



Default 
value 



QNORMd.l) None 
QNORH (1, 2} NoR« 



11 20A4 



Last value for Q/Q, for shape 1. 

(Total of MM(14J/8 + MM(15)/8 
data cards) 



Title card containing a one-line 
heading to be printed above output. 



QNOR>I(I.MM(I)) None 



TITLE 



Blanks 



U = Execution control data. 

1615 3-5 Total number of sewer elements NE Nontf' 

(maximum - 160) . 

8-10 Total number of time-steps NDT Non* 

(maximum - 150) .* 

14-15 Total number of non-conduit elements NINPUT None 
into which there will be input hydro- 
graplis and pollutographs (maximum ■ 
70, mlnlmurn - 1) .* 



Not required If input is from tape or disk. 
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TRANSPORT BLOCK CARD DATA (Cont'd) 



Card 
group 



Format 



Card 

columns 



Description 



Variable 

name 



Default 
value 



19-20 Total number of non-conduit elements at NNYN 
which Input hydrograplis and polluto- 
graphs are to be printed out (maximum > 
20, minimum - 1) . 

24-25 Total number of non-conduit elements NNPE 
at which routed hydrographs and 
pollutographs are to be printed out 
(maximum - 20, minimum - 1). 

JPtJf' Total number of non-conduit elements NOUTS 
at which flow is to be transferred 
to a subsequent block by tape or disk 
(maximum " 5, minimum * 1). 

$S Control parameter for program-generated NPRINT 

error messages occurring In the exe- 
cution of the flow routing scheme. 
These errors do not normally affect the 
program execution. 

MFRINT » to suppress messages 
(recommended) , 

NPRINT - 1 to print messages from 
ROUTE, 

NPRINT - 2 to print messages from 
ROUTE and TRANS. 

110 Total number of pollutants Jieing routed NPOLL 
{maximum « A , minimum = 0) . When 
NPOLL = 0, program will route flows only 
and all quality operations will be by- 
passed. 

%$<■ Total number of iterations to be used NITER 

in routing subroutine (4 recommended). 



None 



None 



None 



These are the only points that can be plotted by subroutine GRAPH after being 
routed by 1-RANSPORT. 

*TIie three pollutants ordinarily routed are BOD. SS and coliforms, A fourth 
conservative pollutant mny be routed if provided for on input tapes, but internal 
storage shou.ld not be used in this case. ^ot required if input la from tape 
or disk. 
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TRANSPORT BLOCK CARD DATA (Cont'd) 



Card 

group 



To mat 



Card 
column* 



Description 



Varlabl* 
namm 



DefAulC 
valua 



13 



8F10.5 1-10 
11-20 

21-30 



Execution control data. 

Siz;e of time-step for computation, OT 
sec. 



Allowable error for convergence of 
iterative methods in routing routine 
(0.0001 recommended). 



EPSIL 



14 



1615 



10 



15 



Total number of days (dry weather days) DWDAYS 
prior to simulation during which solids 
were not flushed from the sewers. 



Execution control data. 

Control parameter specifying mp.ins NCNTRL 
to be used in transferring inlet hydro- 
graphs, i.e., 

NCNTRL - 0, normal transfer by tape or 
disk, 

NCNTRL - 1, Input from cards, utilizing 
card groups 28, 46 and 47. 

Control parameter In estimating ground- NINFIL 
water infiltration inflows, i.e., 

NINFIL - 0, infiltration not estimated 
(INFIL not called and corres- 
ponding data omitted), 

NINFIL - 1, infiltration to be esti- 
mated (subroutine INFIL 
called). 



Control parameter in estimating sani- 
tary sewage inflov, i.e., 

NFILTH - 0, sewage Inflows not esti- 
mated (FILTH not called and 
corresponding data omitted). 



NFILTK 



None 



0.0001 



Not required If input la fron tape or disk. 
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TRANSPORT BLOCK CARD DATA (Cont'd) 



Card 
group 



Format 



Card 

columns. 



Description 



Variable 
name 



Default 
valu* 



NFILTH - 1, sewage Inflows to be 
estimated (subroutine 
FILTH called). 

WQi Control parameter concerning printed JPRINT 

output, i.e.f 

JPRINT - 0, flows and concentration 
not printed, 

JPRINT - 1, flows and concentrations 
printed out In tabular form. 

^§'. Control parameter concerning plotting JPLOT 

of output, 

JPLOT - 0, plotting routine not called 
from within TRANSPORT, 

JPLOT " 1, plotting routine ia called 
from within TRANSPORT * 

'$0 Control parameter for hydraulic design NDESN 

routine, i.e,^ 

KDESN - 0, hydraulic design routine is 
not called, 

NDESN = 1, hydraulic design routine Is 
to be called. 



15 



^U 



1-4 



REPEAT CARD CROUP 15 FOR EACH 
NUMBERED SEWER ELEMENT (maximum 
number of cards - 160). THESE 
CARDS MAY BE READ IN ANY ORDER. 

Sewer element data. 

External .element number. No 
element may be labeled with a 
number greater than 1000, and 
it must be a positive numeral. 



None 



Not operational. 

'External" numbers are those nssiRncd by ttie user to tlic v.ulous sever system 
components. "Internnl" numbers nre assigned wltliln the program. All input to 
thp Tr.in«:porr HoHfl is in terms oT extornnl numhers. 
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TRANSPORT BLOCK CARD DATA (Cont'd) 



Card 
group 



Format 



Card 

columns 



Description 



Variable 
name 



7F8.3 



However, numbering need not be 
consecutive or continuous. 

EXTERNAL in-fMB^loCS) OT UPSTP.FAM 
****** FLriENKS). IT TO THREE ARE ^^^^^^ 
ALLOWED. A ZERO DENOTES NO UP- 
STREAM ELEMENT (maxlinun value - 
1000). 

5-8 First of three possible upstream 
elements. 

9-12 Second of three possible upstream 
elements. 

13-16 Third of three possible elements. 

17-20 Classification of element type. 
Obtain value from Table 6-1. 



NUE(l) 
NUEC2) 

NUE(3) 

NTYPE 



THE FOLLOWING VARIABLES ARE DEFINED 
****** BELOW FOR CONDUITS ONLY. REFER TO ^^,f,^^,^ 
TABLE 6-1 FOR REQUIRED INPUT FOR 
NON-CONDUITS. 

21-28 Element length for conduit, ft. DIST 

29-36 First characteristic dimension of GEOMl 

conduit, ft. See Figure 6-4 and 
_ Table 6-2 for definition. 

37-44 Invert slope of conduit, ft/lOO ft. 

45-52 Manning's roughness of conduit. 

53-60 Second characteristic dimension of 
conduit, ft. See Figure 6-4 and 
Table 6-2 for definition. (Not 
required for some conduit shapes.) 

61-68 Number of barrels^ for this element. BARREL 
The barrels are assumed to be identi- 
cal in shape and flow characteristics. 
(Hunt be integer > 1.) 



Default 
value 



None 

None 

None 
16 



None 

None 



SLOPE 


0.1 


ROUGH 


0.013 


GE0M2 


None 



1.0 



Example: A two barrelled conduit would consist of two identical pnpallel 
conduits adjacent tp each other. 



288 



TRANSPORT BLOCK CARD DATA (Cont'd) 



Card 

group 



Format 



Card 
columns 



Description 



Variable 

name 



Default 
value 



69-76 Third characteristic dimension 
of conduit, ft. See Figure 6-4 
and Table 6-2 for definition. 
(Not required for some conduit 
shapes.) 



GE0H3 



None 



CARDS 16 THROUGH 26 ARE DATA INPUT 
FOR INTERNAL STORAGE. (NTYPE - 19) . 
OMIT THESE DATA CARDS IF INTERNAL 
IS NOT DESIRED. 

REPEAT STORAGE MODEL DATA FOR EACH 
STORAGE ELEMENT (maximum - 2). 

%$ Storage unit data card. 

1015 1-5 Storage mode parameter. ISTMOD 

" 1 in-line storage. 

6-10 Storage type parameter. ISTTYP 

- 1 Irregular (natural) reservoir, 

■ 3 geometric (regular) uncovered 
reservoir. 

11-15 Storage outlet control parameter. ISTOUT 

= 1 gravity with orifice center 
line at zero storage tank depth, 

= 2 gravity with fixed weir, 

= 6 existing fixed-rate pumps, 

"• 9 gravity with both weir and 
orifice. 



Must be set equal to one since other storage mode parameters are not programmed. 



TRANSPORT BLOCK CARD DATA (Cont'd) 



Card 

group 



Format 



Card 

columns 



Description 



Variable 

name 



Default 
value 



17 Computation/print control card. 

3110 1-10 Pollutant parameter. IPOL . 

■ no pollutants (hydraulics only), 

- 1 perfect plug flow through basin, 

- 2 perfect mixing In basin. 

11-20 Print control parameter. IPRINT 

' no print each tlme-stepp 

- 1 print each tirae-step In storage. 

21-30 Cost computation parameter. ICOST .^ 

■ no cost computations, 
" 1 costs to be computed. 

1$ Reservoir flood depth data card. 

no. 2 1-10 Maximum (flooding) reservoir depth, ft. DEPMAX None 



19 



FIG, 2 
FIO.O 

F10.2 



1-10 
11-20 



INCLUDE EITHER CARD GROUP 19 OR 20, 
NOT BOTH. 

INCLUDE CARD GROUP 19 ONLY IF ISTTYP 
ON CARD 16 HAS THE VALUE 1. 

Reservoir depth-area data card. 

A reservoir water depth, ft. 

Reservoir surface area corres- 
ponding to above depth, ft^. 



61-70 A reservoir water depth, ft. 



ADEPTH(l) 

AASURF(2) 

* 

ADEPTH(4) 



None 

None 

None 
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TRANSPORT BLOCK CARD DATA (Cont'd) 



Card 
group 



Format 



Card 

columns 



Description 



Variable 
name 



FIO.O 71-80 Reservoir surface area correS" 
ponding to above depth, ft^. 

(NOTE: The above pair oE 
variables is repeated 11 tlmest 
4 pairs per card.) 



m 



F10.3 



AASURF(4) 



2F10.0 1-10 

11-20 

F10.5 21-30 



m 



2F10.3 1-10 
11-20 



INCLUDE OARD 20 ONLY IF ISTTYP 
ON CARD 16 HAS THE VALUE 3. 

Reservoir dimensions data card. 
Reservoir has shape of inverted 
truncated cone. 

Reservoir base area, ft . 

Reservoir base circumference, ft 

Cotan of sldeslope (horizontal/ 
vertical) . 



INCLUDE ONLY ONE OF THE OUTLET DATA 
CARDS 21, 22, 23 or 24. 

INCLUDE CARD 21 ONLY IF ISTOUT ON 
CARD 16 HAS THE VALUE 1. 

Orifice outlet data card. 

1-10 Orifice outlet area x discharge 
coefficient, ft^. 



INCLUDE CARD 27 ONLY IF ISTOUT ON 
CARD 16 HAS THE VALUE 2. 

Weir outlet data card. 

Weir height (ft) above depth - 0. 

Weir length, ft. 



BASEA 
BASEC 

COTSLO 



CDAOUT 



WEIRHT 
WEIRL 



Default 
value 



Nona 



Nooe 



None 



None 
Rone 



TRANSPORT BLOCK CARD DATA (Cont'd) 



Car4 
trMf 



Fei 



Cu4 
col' 



DasctlptlcM 



Varl«bl« 



D«f«ulC 
▼•1(M 



INCLUDE CARD 2) ONLY IF ISTOUT ON 
CARD 16 HAS niE VALUE 6. 

23 '""P outlet data card. 

SriD.S 1-10 Outflow piaplnt rata, cfs. 

11-20 Depth (ft) at piHp startup. 

21-30 Depth (ft) at pimp shutdotm 
(DSTOP > 0.0} .■ 



QPWV Vou 

DSTAtT Ron* 

DSTOr Hoaa 



24 



8F10.S 



1-10 
11-20 
21-30 

31-40 



INCLUDE CAM) 24 OHLT IF ISTOUT HAS 
THE VALUE 9. 

Vair and orlflca outUt data card. 

Velr height above depth - 0, ft. 

Velr length, ft. 

Orifice outlet (rea x dlscharg* 
coefficient 



let ar 
. ft*. 



Orifice centerllne elevation above 
Bare depths ft. 



WEIRHT 


Hone 


VEUL 


Nob*. 


CDAOUT 


None 



ORIFBT 



Hose 



2) Initial eonditiona date card. 

2F10.2 1-10 Storage (ft ) at tlu scro. 

11-20 Outflow rate (cfc) at tine lero. 



STOBO 

QOUTO 



Nona 
Hone 



26 



CARD 26 HUST BE INCLUDbD; IT rtAY 
BB BLAKK IF ICOST ON CARD 17 HAS 
THE VALUE 0. 

Coat data card. 



*DSTOr Must etiunl or be grcntcr tiun the level in ftorage tliat contains enougli voluae 
to handle Che piAping rate, QPUHP. for one tiee-etep. 
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TRANSPORT BLOCK CARD DATA (Cont'd) 



Card 
group 



Foraat 



CnzA 
colunna 



[>e«criptlon 



Variable 



0«fa«lt 
valiM 



F10.2 1-10 $/yard for storage excavation. CPCUYD None 

2F10.0 11-20 $/acre for storage land. CPACRE >fone 

21-30 $/puRip station with related structures. CPS None 



27 



1615 



1-5 



«^|0 



List of external non-conduit clement 
numbers at which outflows are to he 
transferred to subsequent blocks Cor 
a total of NOUTS (card 12) non-conduit 
elements. 

First element nuuber. 

Second element number. 



JM 



JS(1) 
JN(2) 



Mone 
Nona 



1615 



1-5 
6-10 



Last element number. 



JN (NOUTS) 



IF NCNTRL - ON CARD 14, SKIP TO 
CARD GROUP 29. 

Non-conduit element numbers into 
vhlch hydrographs and pollutographe 
(from card input) enter the sewer 
system. These must be in the order 
in which hydrograph and pollutograph 
ordlnates appear at each time step. 

First element number. 

Second element number. 



NORDER(l) 
N0RDER(2) 



None 



None 
None 



Last element nu^.ber. 



NORDER(NINFUT) 



None 



'Element nimibers transferred to subsequent blocks must be numbered less than or equal 
to 100. 



TRANSPORT BLOCK CARD DATA (Cont'd) 



Card 

grour 



To 



Card 
coll 



Dsacrlptloa 



Tar labia 



Default 
valua 



m 



Lift of external non-conduit clemont 
nimbera at which Input hydrographa 
and pollutographs are to be stored 
and printed out for a total of NNYN 
(card 12} non-conduit eleuenta. 



NYN 



IjMS ^-S Flrat Input location number. 
6-10 Second input location number. 



NYN(l) 
NYM(2} 



None 
None 



Last input location number. 



NYN (NNYN) 



None 



List of external tion-condult element NPE 
numbers at which output hydrographs 
and pollutographs are to be stored and 
printed out for a total of NNPE (card 
12) non-conduit elements. 

1-5 F^.rst output location number. NPE(l) 

6-10 Second output location number. N1'E(2) 



None 
None 



n 



10F8.1 



Last output location number. 



NPE(KNPE) 



IF SUBROUTINE INFtL IS TO HE CALLtin 
(NINFIL - 1). INSKRT CAKDS 31 THROUGH 
33 OTHERWISE OMIT. 

Estimated Infiltration. 

1-8 Base dry weather infiltration, gal/mln. 

9-16 Groundwater Infiltration, g.il/min. 

17-24 Rainwater infiltration, gal/min. 



None 



DINFIL 


0.0 


CINIIL 


0.0 


RINFIL 


0.0 
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TRANSPORT BLOCK CARD DATA (Cont'd) 



Ca rd Cn rd 

croup Format columns 



Description 



32 Control parameters. 

a, 

£5 3-5 Day of year of estimate. 

6VS.X 6-13 Peak residual moisture, gal/min, 

14-21 Average distance between joints, ft 



33 Monthly degree-daysL. 

1615 1-5 July degree-days. 

6-10 August degree-days. 



Varl.ible 
n.imc 



Def.KilC 
v.ilue 



NiJYUD 


None 


R5MAX 


0.0 


ULEN 


6.0 


NUO 




Nl)D(l) 


None 


NDD(2) 


None 



34 



7FiO.O 



56-60 June (legrcc-days. 



I-IO 
11-20 



ir SUBKOUTINt; FILTH IS TO RF. CAM.n) 
(lNKU;riI = 1). INSERT CAItD GKOUI'S 34 
THROUGH 45. OTHERWISE OMIT. 

F.irtnis to correct yojrly .ivcr.ice 
scvngo flows to cl.iily nvcrnix- by 
ncccunCing for dni*ly variations tliroti>;li- 
out a typical week. 

Flow cocrecLioi^ for SiinJ;iy. 
Flow correction for HunUay. 



NDI)(12) Nona 



UVUU'Fd) 
UVUUT(2) 



1.0 
1.0 



61-70 Flow correction tor SnCurdny, 



I)VDWl-(7) 



1.0 



Day one is July 15. 

Sec Table A-1 lor values at sclocLed locations. 



TRANSPORT BLOCK CARD DATA (Cont'd) 



Card Card 

group Format colmns 



Description 



61-70 BOD correction for Saturday. 



Variable Default 

name value 



IF NPOLL - SKIP TO CARD CROUP 37 

35 Factors to correct BOD yearly averayes 

to dally averages. 

7F10.0 1-10 DOD correction for Sunday. 



DVBOD(l) 1.0 



DVBODC?) 



l.D 



36 



7F10.0 1-10 



Factors for correction of yearly SS 
averages to dally averages. 

SS correction for Sunday. 



DVSSCD 



1.0 



61-70 SS correction for Saturday. 



DVSS(7) 



1.0 



37 Factors to correct daily average 

sewage flow to hourly nvprages by 
accounting for hourly v-Tr i;itions 
— — — throughout a typical day (3 cards needed). 

8F10.0 1-10 Midnight to 1 a.m. factor (first card). IIVDWF(I) i.O 



1-10 8 a.m. to 9 a.m. factor (second card). 11VDWF(9) 1.0 



1-10 U p.m. to 5 p.m. factor (third card). HVDWF(17) 1.0 
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TRANSPORT BLOCK CARD DATA (Cont'd; 



Card Card 

group Format columns 



OescrlpCion 



Variable Default 
name value 



IK NPOLL - SKIP TO CARD GROUP 41 

38 Factors for BOD hourly corrections 

(3 cards needed). 

8F10.0 1-10 Midnight to 1 a.m. factor (first card). IIVBOD(I) 1.0 



71-80 11 a.m. to midnight factor (third card). HVBOD(24) 1.0 



39 Factors for SS hourly corrections 

(3 cards needed) . 

8F10.0 1-10 Midnight to 1 a.m. factor (first card). nVSS(l) 1.0 



71-80 11 a.m. to midnight factor (third card). IIVSS(24) 1.0 



40 



INCLUDE ONLY W1!EN 3 POLLUTANTS ARE 
SPECiriED. . 

F.TCtors for E. coli hourly corrections 
(3 cards needed). 

BFlO.O 1-10 Midnight to 1 a.m. factor (first cirtl). IIVCOLE(I) 1.0 



41 



71-80 11 a.m. to midnight factor (third card). HVC0L1(24) 1.0 



Study area data. 



615 1-5 ToCtI number of subarcns wiLhIn n given KTNUH 
Study area in which sewage flow and 
quality are to estimated. 

6-10 Indicator as to wlicther study area dat.i, KASE 
such as treatment plant records, are to 
be used to estimate sewage quality, t.a.j 



None 



TRANSPORT BLOCK CARD DATA (Cont'd) 



Card 
group 


Format 


Card 

columns 


Description 








KASE - 1. yes. 
RASE - 2, no. 



Variable Default 
name value 



11-15 Total number of process flows within 
the study area for which d,-ita are 
Included In one of the following card 
groups . 

16-20 Number indicating the day of the week 
during which simulation begins (Sunday 

- 1 ). 

21-25 Number indicating the hour of the day 
during which simulation begins (1 a.m. 

- 1). 



NPf 



KDAY 



KMOUR 



26-30 Number indicatins Che minute of the hour KMINS 
during which simulation begins. 

2K5.1 31-35 Consumer Price Index. 

36-40 Composite Construction Cost Index. 

F10.3 41-50 Total population in all areas, 
thousands . 



CPI 


109.5 


CCCI 


103.0 


POI'UIJV 


None 



- - - IF KASE ■= 1, INCLUDE CARD GROUPS 42, 43 and 44. 

*2 Average study area data. 

3F10.0 I-IO Total study area avercifte sew.ige flow, ADWF 0.0 
I.e.. from treatment plant records , 
cfs. 

11-20 Total study area average BOD, mg/i . ABOU 0.0 

21-30 Total study area ave'-agc SS , mg/1 . ASUSO 0.0 

tlO.2 31-40 Total coliforms, MPN/lOO mi. ACOCl 0.0 



«ar.;.L°'.ir.r:t«°i ii\^u X"" ■ °-°- ^-"-^^ "- -' ^~— 
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TRANSPORT BLOCK CARD DATA (Cont'd) 



Card 

group 

43 



Format 



8F8.0 



Card 

columns 



Description 



Varljible 
nam« 



1-8 



m 



Categorized study area data. 

Total study area from which AflOD and 
ASUSO were taken, acres. 



9-16 Total contributing Industrial area, 
acres . 

17-24 Total contributing commercial area, 
actes. 

25-32 Total contributing high income (above 
$15,000) residential area, acres. 

33-40 Total contributing average Income 
(above $7,000 but below $15,000) 
residential area, acres. 

41-48 Total contributing low Income (below 
$4,000) residential area, acres. 

49-56 Total area from Che above three veui- 

dentlal areas Cliat contribute additional 
waste from garbage grinders, acres. 

57-64 Total park and open area wltliln the 
study area, acres. 



TOTA 



TINA 



TCA 



TRHA 



TRAA 



TRLA 



TKUGA 



TPOA 



U 



6yio.3 



t^^ 



IF PROCESS FLOW DATA ARli AVAII.AULE (NPF 
NOT EQUAL AND KASE - 1) , REPEAT CARU 
GROUP 44 FOR EACH PROCESS FLOW. OTHERWISE, 
SKIP TO CARD GROUP 45. 

Process flow characteristics. 

External manhole number Into which flow INPUt 
is assumed to enter (maximum value ■ 
1000, minimum value "1)* 



6-15 Average dally process Clow entering the QPF 
Study area system, cfs. 

16--25 Average dally BOD of process flow, mg/l . BODPF" 

26-35 Average dally SS of process Clow, mg/1. SUSPF 



Default 
valus 



Nona 



None 



None 



None 



None 



None 



None 



None 



Nona 
None 

0.0 
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TRANSPORT BLOCK CARD DATA (Cont'd) 



Cm Ti 
group 



To mat 



C«rd 

columns 



DescrlpCloA 



V«rlnbU 

t\»mm 



Default 
valua 



REPEAT CARD CROUP 45 FOR EACH OF TIIK 
KTNUM SUDAREAS. THESE SUCAREAS DO HOT 
NECESSARILY HAVE TO CORRESPOND TO RUNOFF 
SUBCATCllHENTS. 

45 ^ub«re« dat«. 

213 1-3 Subarea number. KNUH 

4-6 External number of the manhole Into INPUT 
which flow la assumed to enter for 
subarea KNUM (maximum value " 1000, 
minimum value ■ 1). 

3X1 7 Predominant land use within subarea, KLAND 
t.«., 

KLAND - 1, SlngXe-faially resldcntlnl, 

KIAND - 2, Multi-family resldentlnl, 

KLAND - 3, Commercial, 

KLAND " 4, Industrial, 

KLAND " 5, Undeveloped or park lands. 

8 Par'ametcr IndlcatLng whether or not METHOD 
water usage within subarea KNUH is 
metered. 

MKT1I0D - 1, metered water use, 

NE'XUOD - 2, incomplete or no metering. 

9 Parameter indicating units In which KUNIT 
water usage estimates (WATER) are 
tabulated. 

KUNIT - 0, thousi.nd gal/mo, 

KUNIT - 1, thousand ft^/mo. 



None 
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TRANSPORT BLOCK CARD DATA (Cont'd) 



Card 
group 



Format. 



Card 

coluniii 



UcscripClon 



Varlnblt 

nam* 



*Not required If KLAND greater than 2. 

*If SAQPF - 0.0, then DWBOD and DWSS will be zero for land use 4 (I.e., for 
Industrial flow to b« considered KLAND must equal 4). 



DcfnuLC 
valu« 



13F5.1 10-U Measured winter water use for subarea WATER None 
KNUM In the unts specified by KUNIT 
(not required). 

15-19 Cost of the last thousand gal. of water PRICE - - None 
per billing period for an average con- 
sumer within subarea KNUM, ccnts/1,000 
gal. (not required). 

20-24 Measured average sewage flow from the SEWAGE None 
entire subarea WJUK, cfs (not required). 

2S-29 Total area within subarea KNUM, acres ASUB None 
(maximum - 200). 

30-34 "population density within subarea KNUM, POl'DEN None 
population/acres. 

35-39 *Total number of dwelling units within DWLINGS 10.0/ac, 
subarea KNUM. 

40-44 Number of people living In .ivcrnp.e FAMILY 3.0 
dwelling unit within subarea KhRTM. 

45-49 Market value of average dwelllnp, unit VALUE 20.0 
within subarea KNUM, thousands of 
dollars. 

50-54 Percentage of dwelling units possessing PCGC None 
garbage grinders within subarea KNUM, 

55-59 Total Industrial process flow origlnntlng SAQPF 0,0 
within subarea KNUM, cfs.** 

60-64 HOD contributed from industrial process SABi'F %:Cf 
flow originating within subarea KNIIH, 
mg/1. 

65-69 SS contributed from industrial process SASPF O^ifi, 
flow orlginatlnp. within subarea KNU?4, 
mg/1. 

70-74 Income of average family living within XINCOM VALUE/2.5 
subarea KNUIt. 
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TRANSPORT BLOCK CARD DATA (Cont'd) 



Card 
group 



Format 



Card 

columns 



Description 



Variable 

name 



Defaulc 
value 



12 75-76 MSUBT - 0, subtotals not made, 
MSUBT - 1, subtotal made. 
END Of FILTH DATA CARDS. 



MSUBT 



46 



PIO.O 



1-10 



IF NCNTRL - ON CARD 14 » SKIP 
CARDS 46 and 47. 

Time for start of stonn. 

Time of day of start of storm^ 
sec. 



TZERO 



0.0 



47 



4F10.0 1-10 



11-20 



21-30 



31-40 



41-80 



REPEAT CARD 47 FOR EACH INLET FOR 
FIRST TIME STEP AND THEN REPEAT 
CARD 47 FOR EACH INLET FOR SECOND 
TIKE STEP, HTC. REPEAT THIS COM- 
BINATION UNTIL ALL TIME STEPS HAVE 
BEEN READ.* 

Rydrograph and pollutograph Input 
cards . 

Input flcTw for this time step at 
first Inlet, cfs. 

Input BOD for this time step at 
first inlet, Ibs/mln. 

Input SS for this time step at 
first Inlet, Ibs/mln. 

Input collfonn for this time step 
at first inlet, MPN/mln. 

Not used. 



RNOFF(l) 


0.0 


PLUT0(1,1) 


0.0 


PLUTO (1,2) 


0.0 


PLUTO (1,3) 


0.0 



FOR GRAPHING TRANSPORT OUTPUT, CALL 
GRAPH SUBROUTINE THROUGH THE EXECUTIVE 
BLOCK. 

END OF TRANSPORT BLOCK DATA CARDS. 



Note: Order of inlets must be the same as indicated in card group 28. 
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NPUT DATA DESCRIPTION 
FOR 
STORM 



INPUT DATA DESCRIPTION FOR STORM 

Each input card Is described in detail below. Variable locations 
on each card are shown by field number. Most cards are divided into ten 
fields of eight columns each except field 1. Variables occurring in 
field 1 may only occupy card columns 3~8 because card columns 1 and 2 are 
reserved for the card identification alphanumeric character. The card 
identification characters will be referred to as field zero. Cards with 
a different format are so noted. 

The different values a variable may assume and the conditions 
for each are described for each variable. Some variables simply indicate 
whether a program option is to be used or not by using the numbers -1, 0, 
1, etc. Other variables contain numbers which express the magnitude of 
the variable^ For these, a plus sign (+) is shown in the description 
under "value" and the numerical value of the variable is entered as input. 
Where the variable value is to be zero, the corresponding field may be 
left blank because a blank field is read as zero, A value of "AN" refers 
to alphanumeric characters. 

^* ^ Cards (three cards required) 

Three title cards Al , A2, and A3 for output title. 

Field Variable Value D escription 

M Card identification in columns 1 and 2. 

1-10 NTITLE If Job title Information, preferably 

centered in columns 3-80. 

Third title card will be used as a 
heading on each output page. 



b. B Cards (two cards required) 
Job specification cards. 



Bl Card (required) 

Field Variable Value Description 

Bl Card identification. 

1 NWSHD + Number of watersheds to be analyzed. Calls 

for NWSHD sequences of E through T cards 
as required. Default = 1. 

2 ISNO No snowmelt computations are desired. Omit 

cards. 

1 Snovvmelt computations are to be made using 
D cards. 

3 NONURB Nonurban watershed computations will not 

be made. Omit H, J, and K_ cards. 

1 Nonurban watershed computations will be 

performed using H, J, and K cards as required 

^ ISED No land surface erosion computations will 

be made. Omit * through R cards. 



1 Land surface erosion computations will be 
made using * through R cards. 

IQUAL No water quality computations will be made. 

F2 cards are still required even though 
blank. 

1 Water quality computations will be made. ' 

lEVNT No detailed analysis (pollutograph) of 

selected events is desired. IPOLMX (T2-3) 
will be zero. 

j Detailed event analysis will be required, 

IPOLMX (T2-3) may be greater than zero. 
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Climatic 


data. 




Field 


Variable 


Value 







B2 


I 


NSUMR 


•1^ 



B2 Card (required) 



Description 

Card Identification ■ 

Length, in days, of average summer (period 
of no rain), default = 42. 

I LtXT ^ Number of initial hours of overflow 

for which separate quantity and quality 
reporting is desired (default = 3). 

3 LINE + Number of years of rainfall represented 

on rainfall record (default = computed 
value). 

4 LDATE + Date (YR, MO, DY) of the end of rainfall 

for the last major precipitation preceding 

the first rainfall record. Six 

columns right justified, (default = 6 days). 

Number of days since the end of rainfall 
from last precipitation nrecedinq the first 
rainfall record. (Default = 6) 

5 LHR * Hour of last major precipitation preceding 

the rainfall record. (Default = midnight) 
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c. C Cards 

Precipi tation data. 

CI Card (required) 

Field Variable Value Description 

O Card identification. 

1-4 fJAME M Title of precipitation record, columns 

3-32 inclusive. 

f IN i Precipitation data is to be supplied on 

C2 cards. 

* Unit number for precipitation data tape/ 

disk. Mo C2 cards are read. Format is same 
as on C2 card. 

Previously generated unformatted binary 
tape/disk rainfall/snowmelt records will 
be used on FORTRAN logical unit 12. 
Omit 02 and D cards. This is a time saving 
option in that the basic precipitation 
and temperature data need only be processed 
once. Upon generation of a satisfactory 
rainfall/snowmelt file, the tape/disk on 
logical unit 12 should be saved for future 
use under this option. 

6 IFILE - - - 1- - Number of tape files to be skipped in order 

to reach precipitation records. Used only 
if data is read from tape. 

^ ^^^^^'^ ^ "3te {six digit integer for year, month and 

day) of first precipitation record to be 
analyzed. Default equals first day of 
the precipitation record. Can be used to 
start analysis at any point in a precipita- 
tion record, 

^ ^^^'^ * Date of the last precipitation record to 

be analyzed. Default equals last day in 
the precipitation record. Not to be used 
if input precipitation data is on cards. 

^^ ® Input precipitation (snoivmelt) record will 

not be output on printer. 

J Print input precipitation record. 



308 



t^2 Card (Required only if INCCI-5) is 5). Format (2X, 16, 2AI3). 
Field Variable Value Description 

^1 Card identification. 

1 KUATE * Date of rainfall data on this card. 

Year, month and day specified in six 
columns: 3-4, year number; .4-6, month 
number; 7-8, day number. 

2-25 KRAIN * Hourly rainfall in hundredths of an 

inch per hour specified in 24 three- 
column fields. 

Repeat one C2-card for each day of rainfall, A blank C2-card must follow 

the last day of rainfall. 

d„ D Cards (two cards required only if ISNO {Bl-2) is greater than zero), 
Snowmel t pa rame ters. 



Q1 Card (Required only if :sNa (ul-c) is grt-ater tnan zero). 

Description 

Card identification. 

Input unit for temperature data. 

number of files to be skipped to reach 
file in which starting record occurs. 

Temparature (Integer) below which snow 
falls and above which snow melts. 

Starring snowpack water equivalent over 
basi 1 in hundredths of an inch. 

Aver;ge temperatures are on 03 card. 

I-1ax/.11n temperatures are on IJ3 card. 

Degroe-day melt rate coefficient. 
DefaLlt = .07. 



Field 


Variable 


Value 







01 


1 


ITAPE 


* 


1 


IFILE 


4 


3 


IFREZ 


* 


4 


I PACK 


■** 


■§ 


ITI1P 


1 


6 


COEF 


* 
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D2 Card (Required only if I SNO (BI-2) Is greater than zero). 

Daily temperature data in Weather Bureau format (5X, 16, 213, 55X, 13). 
Only Max/Min or average temperatures are necessary as indicated by ITMP 
(Dl-5). 



Field 



Variable 



Value 



03 



JUATE 

IMAX 
IMIN 
I TEMP 



4-' 



Description 

Card identification or station identification 
in Cols. 1 through 5. 

Date, integer, six digits for year, month 
and day in Cols. 6 through 11. 

Maximum daily temperature, °F, Cols. 12-14. 

Minimum daily temperature, °F, Cols. 15-17. 

Average daily temperature, °F, Cols. 72-74. 



D2 Cards are repeated for each month for the period of analysis. All 
days of the month are to be included even for the last month. 

e. E Cards (required) 

E through T cards (as required) are repeated for each watershed. 
The previous rainfall (snowmelt) pattern, KRAIN as modified by snow 
routine, will be used for each watershed. 



Field 


Variable 


Value 







Bl 


1-2 


NAMEWS 


AN 


t 


MXLO 


^ 



EXPTE 



REFF 



Description 
Card identification. - 
Title of watershed. 

Nunber Of land use groups modeled 
(Max = 5). MXLG pairs of Fl, F2 cards 
will be read for land uses as defined 
on Fl card. 

Exponent for dust and dirt washoff, 
equation (7) In text: 

Mp = P^ (1 - e''^''^*'')/,t 

^Default = 4.6 

Street sweeping efficiency (ratio of 
material picked up to the total material 
on the street) as a decimal fraction 
(default = 0.70). 
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E2 Card (Required 



Field 


Variable 


Value 


§ 




E2 


1 


AREA 


+ 


2 


CPERV 


+ 


1 


CIMP 


4' 


4 


RFU 


'* 



Description 

Card identification. 

Total urban area, in acres, of the watershed. 

Runoff coefficient for pervious areas 
(default = .15). 

Runoff coefficient for impervious areas 
(default = .90). 

Factor by which KRAIN, rainfall array. Is 
multiplied to obtain average rainfall 
over urban area. 



f 



DVUMX 



m 



* 



No hydrographs are to be Input on G cards. 

Hydrographs will be read on G cards and 
be used to override computed runoff 
during periods indicated. 

Minimum flow (cfs) above which flow from 

the urban area Is diverted (defauU=no diversion) 

Maxiinum flow (cfs) above which all additional 
flow 1s diverted. 

Proportion of available flow between DVU'IX 
and DVU that Is divorted. 



E3 Cards (two cards required) 
Initial loss rate and recovery data. 



Field Variable Value 



f 



. UEPRS 



RECVRT 



RECVRT 



E3 
+ 



Description 

Card Identification. 

Depression storage, average over total 
watershed, in Inches. 

Potential evaporation rate, 
inches/day (for recovery of depression 
storage) for January, 

Evaporation rate for February. Continue 
similarly for Ilarch through December. 



m- 



f. F Cards (two cards required for each land use) 

Fl Card (required) 

Land use data,. Fl , F2 card pairs are repeated for each of MXLG (EI-3). 



Meld 


Variable 


Value 


Q 




n 


i 


LMDUSr 


SINGLE 
MULTPL 

co:i;icL 

nOSTL 
OPE'J— 



t 



PRCNT 



f; 


FIMP 


■* 


4 


STLEN 


* 


S 


WCLEAN 


♦ 



Description 

Card identification. 

Single family dv/ellinqs. 

'lultiple fanily dwellinqs. 

Commc-rcial developnont. 

Industrial development. 

Open or park area. "lonurban land use 
is described separately nn H cards. 

Percent of urban watershed area 
(card E2-1) In this land qroup. 

Percent Imperviousness of this land group 

Length of street gutters in feet per acre, 

Number of days between street sweeping 
in each land use group (see Note 1 for 
default value). _ _ ^ . ^ - 



F2 Card (required) 

Pollutant accumulation and contents. See Note 1. 



F ield Variable Value 
I DO * 



FRACTN(L, 1) + 



FRACTN(L, 3-6) + 



Description 

Card identification. 

Daily rate of accumulation of dust and 
dirt in pounds per 100 feet of gutter. 
See Note 1 for default value. 

Pounds of susnended solids ner 100 pounds 
of dust and dipt (see note 1 for default 
value) . 

Pounds of settleable solids, BOD, .jitroqen 
and orthophosphate respectively per lOfl 
pounds of dust and dirt. See Mote 1 for 
default values. 



312 



g. G Cards (Required only if IQU (E2-5) is greater than zero). 

Direct input urban hydrograph data. 
Gl Card 

Field Variable Value Dgscription 

D Gl Card identification, 

1 k . + , Transformation factor "A" for the input 

urban hydrograph, OIJ, (G2-3) according 
to the follov'inq equation: 

QU = A + B*OU 

2 B * Urban hydrograph transformation factor B. 



G2 Card 






Field 


Variable 


Value 







G2 


1 


IDQU 


+ 


2 


I DATE 


t 


3 


QU(1) 


* 


4 


QU(2) 


■*■ 


5-10 


QU 


#■ 



Description 

Card identification. 

Station Identification, integer. 

Date, integer, of flow to be input. Must 
correspond to a date in the rainfall/ 
snowmelt array. 

Average flow during first hour of day 
I DATE. 

Average flow during second hour of day 
IDATE. 

Average flovy during hours 3-8. Following 
two G2 cards have same format for hours 
9-16 and 17-24 respectively. G2 cards 
are repeated for all days for which flow 
is to be input. A blank card ends the 
G2 card sequence. Maximum of 100 days 
in ascending sequence. 
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h. H Cards (required only if NOMURB, BI-3, is greater than zero). 
Nonurban watershed data, 

HI Card 

Field Variable Value Description 

Q HI Card identification. 

1 AREAN + Area of nonurban part of watershed in 

acres, 

^ CN * Runoff coefficient for nonurban area; water 

excess will be muUiplied by this factor In 
order to determine runoff. 

i RFN f Factor by which KRAIN, rainfall array, is 

multiplied to obtain average rainfall/ 
snowmelt over nonurban area. 

4 t^ 6 No hydrographs are to be input on K cards. 

1 Hydrograph(s) are to be input on K cards. 

I &t$ ♦ Minimum flow (cfs) above which flow from 

the nonurban area is to be diverted. 

(default = no diversion). 

i DVNMX * Maximum flow (cfs) from nonurban area, 

above which no additional flow can be 
diverted. 



T WN ■* Fraction of available flow that is 

actually diverted. 

■$ EXPTN * Exponent for pollutant washoff from 

nonurban area. Similar to EXPTE (El-5) 
for the urban area. Default = 4.6. 



Description 

Card identification. 

Depression storage, in inches, over nonurban 
area. 

Potential evaporation rate. Inches/ 

day (for recovery of nonurban depression 
storage) for January. 

RECV:U2) + Potential evaporation rate for 

February. Continue similarly for March 
through December on tMs and next H2 card. 
■ 1 A 



H2 Card: 


B 




Field 


Variable 


Value 







112 


1 


DEPRN 


+ 


1 


RECVN(l) 


+ 



i„ J Card (required only if H cards are used) 

Pollutant accumulation on nonurban area of the watershed. See flote 2 
for suggested values. There are no defaults for these variables. 

Field Variable Value ngscn'ption 

Jl Card identification. 

1 POL(l) * Pollutant accumulation rate for suspended 

solids in Ibs/acre/day. 

2-5 P0L(2) * Pollutant accumulation rate for settleable 

solids in Ibs/acre/day, Similarly for 
BOO, total nitrogen and orthophosphate, PO^ 

j, K Cards (Required only if lOM, Hl-^, is greater than zero) 

Direct input nonurban hydrograph data. 

Kl Cards 

Field Variable Value Description 

Kl Card identification. 

\ i + Transfornatinn factor "A" for the input 

nonurban hydrograoh, 0'-!, (K2-3), 
according to the followinn equation: 

ON = A + B*nN. 
'lonurban transformation factor B. 



Description 

Card identification. 

Station identification, integer. 

Date, integer, of flow to be input, flust 
correspond to a date on rainfal l/snowmel t 
record, 

3 QN(1) * Average flow during first hour of day 

NDATE. 

4-10 QN(2) "^ Average flow during second hour of day 

NDATF, and for following hours 3-8. 
Following two K2 cards have same format 
for hours 9-lG and 17-24 respectively. K2 
cards are repeated for all days for which 
flow is to be input. A blank card ends 
the K2 card sequence. 
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& 


* 


K2 Cards 






Field 


Variable 


Value 


1 




KE 


1 


lUQN 


* 


Z 


riOATE 


.> 



LAND SURFACE EROSION 

Cards ^■- through R form the Input set for calculating land 
erosion. The set is divided between cards describing the soil characte- 
ristics under natural conditions - this would be -- through P^ and the 
construction and land use requirements to develop the site described on 
cards Q and R. 



k. 



•' Card 



Comment cards. To describe and identify the land surface erosion 
data. Use as many as needed. 



Field 




1-10 



Variable 



Value 



Description 

Card identification. 

Any a-numeric data that is renuired to 
identify and describe the soil erosion 
analysis. If more than one card is 
required, show again the * in column 1 
and title information across that 
card, continuing until all the title 
information is entered. 



I . P Card 



Soil series Identification. 



Field 


1-10 



Variable 



ICG 



Value 



Description 

Card identification. 

a-numeric description of the soil 
series identification by slope and 
soil type. 



m 



PI Card 

Job parameters. 



Field Variable Value Description 

f ICG PI Card identification. 



MDS 



MPO 



Maximum number of depths in the soil 
f column, P4-card soil properties are 
Identified at MDS depths beneath the 
ground surface (default = 3). 

Maximum number of soil parameters for 
each depth entry. P4-card shows one 
parameter "XK" for each depth entry. 



'■'CSC * Maximum number of characters in the 

soil classification code (default = 3). 

f'^CSG * Maximum number of characters in the 

slope group (default =1). 

^ ^ The range of WF is to 1. A value 

weights the natural ground slope to 
the minimum value of the soil group. 
A value of 1 weights the natural ground 
slope to the maximum value for this 
soil group (default =.5). 

^I * Ratio of maximum hourly intensity to 

the maximum 30 minute intensity. If 
tne maximum 30 minute intensity is 
available from rainfall tapes, the RMI 
value Is not used (default = 0.8). 

S'lEC * Siowmelt erosion coefficient for reduction 

of erosion related energy (default = ,33 
of the rainfall value). 



iP 



P2 Card 



Ground Slope Data 
Field Variable 



ICG 
KSG 

SLOPE 



P^ Card 

Soi 1 propert ies 
Field Variable 



ICG 
KSP 



3 NSG 

4 DEPTH 

5 XK 



P5 Card (Optional) 



Value 

+ 



Value 
P4 

+ 



Description 

Card Identification, 

Number of the slope group which the 
following slope values describe. 

SCS designated slopes that describe 
ground surface slope. All of the soil 
series identification codes can be 
divided into two slope groups. There- 
fore, two P2 cards are required. The 
distinguishing factor is the rate of 
change of slope with designations "a" 
through "e". Express in percent. 



Description 

Card identification. 

Enter the first two digits in the a- 
numeric code assigned by SCS to identify 
soil series. Group all soils in the 
same slope group together. Use as 
many P4 cards as are required to 
describe each soil type. 

The soil type on this card belongs to 
slope group NSG, reference card P2. 

The depth below the ground surface in 
inches for which soil properties have 
been identified. 

Soil-erodiblHty factor (K) in the 
universal soil-loss equation. Enter 
one value for each depth and as many 
depths as MDS on card PI . 



Changes default values of erosion potential factors. 
Field Variably Value Descripti on 

ICG Pf. Card Identification. 

Aloha-numeric descrintlon. 





1-2 
3-Q 



Use s^nG variables .^s fields l-^i of 
n-r;» rd. 
Hlo 



m. Q Card 



Sediment trap data 

Field Variable Value 



ICG 
TEFF 



Description 

Card identification. 

Trap efficiency desired for the sediment 
detention reservoirs. If none is desired 
this card may be omitted. 



R Card 

Erosion potential model by land use. The R card data describes 
potential development by land use as it wilt impact on sediment 
erosion potential. Any number of R Cards may be used. The entire 
basin may be modelled or a small portion may be selected as a sample 
and the model constructed for the sample. The sample will be 
expanded automatically by the program to represent the entire basin. 



Field 

i 

1-2 



Variable 



Value 

i 
*,4 



SINGLE 
MULTPL 
COMCL 
INDSTL 
OPEN 

:jor!URB 



Description 

Card identification. 

Two entries are made into the variable ISI 
array. The first is land use using 
the land use code as follows: 

Single family units. 

Multiple family units. 

Commercial use. 

Industrial. 

Open area, such as parks or non-developed 
urban area. 

Nonurban land which contributes water 
and sediment runoff to the urban area. 

The second entry in 1ST is thp soil 
series Identification for the land used. 
It may come from the table of values 
entered on Card P4, In which case the 
slope and soil-erodibllity properties 
can be determined from that table. 
Otherwise, these values may be entered 
. ■ the R card, and depth of cut or 
11 calculations cannot be made.) 
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R Card (cont. ) 

Field Variable Value Description 

3 PALU + Percent of area in this land use category 

that has the soil and slope properties 
to be defined on this R card, PALU values 
are summed for all R cards specifying the 
same land use and if this summation is 
less than 100 percent R cards only sample 
land use in the basin and that sample 
will be expanded to include the entire 
basin by the program. 

^ XLTH + The length of lot in the direction of the 

ground slope expressed in feet. This must be 
an average value for the percent of land 
use shown on this R. card. 

^ ^S + The lot slope is entered in percent and 

for those lots sloping away from the 
street it should be a plus value. 

Those lots sloping towards the street can 
be entered as having a negative slope in 
percent and will be considered as contrib- 
uting sediment to the streets or impervious 
surface system. Use the same technique 
for impervious areas other than streets. 

6 GCOV + This is a cropping-management factor in 

^> (see the universal soil loss equation.) 
Its values are identified in that reference. 
As used here it is a ground cover factor to 
ratio erosion from land having vegetation 
or some other cover to the erosion plot 
values determined by the equation. 

7 ECP + The erosion control practice factor (P) in % 

is included because it is part of the 
universal soils loss equation. The standard 
default value in this program is one. A 
table of factors on contouring or terracing 
is included. 

B XK + This is the soil erodibility factor (K) for 

the universal soil loss equation. Its value 
needs to be determined by soils experts, 

9 SDR + The sediment delivery ratio is a factor that 

accounts for deposition in the basin between 
the erosion plot being analyzed and the basin 
outflow point. A standard default value 
of for those lots sloping away from street, 
and one for those lots sloping towards the 
street or unimpervious area, 
o. END Card 



After the last R Card, Include a card with the word "END" In the first 
three columns to identify that all sediment yield data has been entered. 
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t^ 



T Cards 



Treatment rate and storage capacity alternative. 



T1 Card (required) 
Field Variable 




1 



MAX 



Value Description 

Tl Card identification. 

* Number, integer, of treatment rates to 
be investigated. MAX sets of T2 through 
T5 cards, as required, will be input. 
(naximum = 20), 



T2 Card (required) 

Treatment rate, storage capacity and pollutograph data. 
Field Variable Value Description 

tf Card identification. 



i 
1 



TRATER (M) 



Treatment rate In inches per hour 
for NX (T2-2) storage capacities. 



t 



NX 



IPOLMX 



I PLOT 



IPRINT 



* Number of storage capacities (on T3 cards) 
to be used in conjunction with above 
treatment rate (default = 1, maximum = 20). 

♦ Number of selected events to be printed 
as listed by event number on T4 card. 
-If this is used, lEVNT, (31-6), must 

be greater than zero. 

^ 'lo selected events. 

Do not plot storage utilization curve. 

1 Plot storage utilization curve. 

Suppress printout of individual events. 
Only sunriary information will be printed 
for quantity and quality analyses. 

1 Print all events for quantity analysis and 
summary listing for both, 

f * Print all events for quality analysis and 
summary listing for both. 

3 Print all events and summaries for both 
quantity and quality. 



321 



T2 Card (cont.) 



Field 
6 



Variable 
IPRTS 



lEROMX 



Value Description 

Suppress event listing for sediment 
report. 

t Print land surface erosion information 
for each event suppressing breakdown by 
individual urban land use. 

2 Print complete land surface erosion 

Information for each event. 

+ Number, integer, of events for which 

complete land surface erosion information 
is required. Not used if IPRTS is 1 or 2. 
Maximum of 20. Event numbers are specified 
on T5 cards. 



T3 Card (required) 
Storage capacities. 
Field Variable 



9 



t 



capr(m,i) 



CAPR(M,2) 



Value 

n 

+ 



Description 
Card identification. 

Storage capacity in inches for first 
of NX (T2-2) storages to be analyzed. 

Storage capacity in inches for second 
storage to be analyzed. This and the 
remaining storages are to be entered in 
successive fields. 



T^ Card (required if IPOLMX (T2-3)>0) 
Even numbers for pol 1 utographs. 

Field Variable Value 



IPOLUT(l) 
IP0LUT(2) 



Description 

Card identification. 

Event number of first of IPOLMX (T2-3) 
selected events to be printed. 

Event number of second selected event 
to be printed. This and remaining 
events are to be entered in successive 
fields. 
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T5 Card (required if lERDMX (T2-7)>0) 

Even numiaers for printing of land surface erosion data. 

Field Variable Value Description 

T5 Card identification. 

1 lERD(l) + Event number of first of lERDMX (T2-7) 
^ selected events for which land surface 

erosion data is to be printed. 

2 IERD(2) + Event number for second selected event, 

Similarly for remaining events. 
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NOTE 1 



to 



Defaults^'-- for quality data are as follows: 

Variable Name NCLEAN (FI-5) 

Sweeping 
Land Use Interval, Days 



Single Fami ly Res = 
Mult i pie Fami 1 y Res. 
Commercial 
Industrial 
Open or Park 



90.0 
90.0 
90.0 
90,0 
90.0 



D0(F2-l)^v 
DD rate 
ib/d/100 ft 



.7 
2.3 
3.3 

1.5 



SUS 



8.0 

17.0 

6.7 



FRACTN (F2-3, 7)" 
ib Pol lutant/100 lb DD 
SET BOD NIT 



l.J 
.8 

1.7 
.7 

1.7 



.500 
.360 
.770 
.300 
.500 



.048 
.061 
.Oi»I 

.0^3 
.0^8 



PO, 



.005 
.005 
.007 
.003 
.005 



S^^^r^P^n"!^ ^T ^^r'^^" P"'^''^ Works Association, '^^ater Pollution Aspects of Urban Runoff - 
N"V2i-irJanu"r!96T^^^' '^^/^^' ''''''' ^^"^ ^°"^^'°" ^^^^^ Administration, Re^o'^^ 
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NOTE 2 



Suggested--'^ Values for Nonurban Pollutant Loading Rates: 



Agricul tural (farming) 



Input Variable POL (j-1 , 5);'c 
lb PoMutant/Day/Acre 



'-^"'^ ^^^ Suspended Settleable BOD N PQ 

Open Space and Rural ^03 ^^^ ^^- 

Agricultural (pastures) , I c -^r 



.02 .23 .07 



Forests (Douglas Fir) _0, ^^^2 .00002 

■Values obtained from Cornell, Howland. Hayes and Merryfield, Seattle. WA. General data 
are not currently ava.lable for suspended and settleable solids; consult local water 



quality experts concerning these values. 



SUMMARY OF INPUT CARDS 



Urban 

Watershed 

Data 



Snow 
Data 



AE3/DEPR 



A El/ HAMEWS 



ifications 




A E3/ RECVRT 

OCT NOV i DEC 



S RECVRT 

I JAhI FEB] HARI APrf MAY I JIIN I .1111 I Allfi I SFP 



A E2/ AREA CPERV GIMP RFU IQU 



:i 



DVU DVUMX W 



i_J!i L 



EWS f«LG EXPTE REFF i I I I 



O^JDATE,MAX,MIN,ITEMP in format 5X,I6,2I3,55X,I3 . 



Dl/ITAPE IFILE IFREZ IPACK ITMP COEF 



.E IFREZ 



I L 



ank card Indicates end of KRAIN data on cards. 



Precipitation 

Data / c^)^KDATE KRAIN in format 2X, 6,241 



s end of KRAIN data on cards. 



L I I I 



aCI/ NAME {col, 3-32) 



IN IFILE ISTPRT lEND II 



AB2/NSUMR LEXT LINE LOATE LHR 



Job Spec- / ABlMjWSMD ISNO NONURB IS© IQUAL lEVN" 



i 



I I 



aA3/ Title Information for each page heading on this card. 

'''' • ■ 1^^^^^ .1.11 

Title 



10 



/ 



/ 



) 



A Required cards. Other cards are required depending upon input options 
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Nonurban 
Watershed Data 



Urban 
Watershed 
Data (cont 




i Required cards. Other cards are required depending upon Input options. 



Storaqe, Treat 
nent and 
Pollutograph 
Data 



Land 

Surface 

Erosion 

Data 




A Required cards. Other cards are required denendinq upon Input options. 
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FINAL REMARKS 



INTERFACING URBAN STORM WATER MODELS 

Paul E. Wlsner 
James F. MacLaren Limited 



MODEL LIMITATIONS 

Few models, if any, are completely universal and, therefore, some 
caution should be exercised when an existing model is applied in 
a new and untested role. 

- The limitations of some wel 1 -accepted models noted in Table 1 
indicate some of the situations in which these models do not 
perform wel I „ 



TABLE I. SOME GENERAL MODEL LIMITATIONS 



Mode 



Comment 



STORM 



SWMM 



WREM 



peak flows not accurate due to i hour time step and no flow 

routing 

simplistic storage and treatment routines 

antecedent conditions have usually to be assumed 

poor simulation of hydrographs in surcharged systems 

not well validated for predominantly rural areas 

quality model hard to calibrate, somewhat oversoph ist icated 

for most applications 

receiving water model does not account for pollutant 

transport by diffusion 

very short time steps required to avoid unstability 
extensive data requirements 
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2. HIERARCHY OF MODELS 

- The designation of STORM as a "planning model" or SWMM as a 
"design model" may cause a user to be model oriented rather than 
problem oriented. 

- The early planning stages of some urban drainage projects are 
typified by limited amounts of relevant data and several alter- 
native patterns for development or solution of existing problems. 
The use of a simple model, such as STORM, at this stage represents 
an economic approach to screening alternative policies at a level 
of sophistication compatible with available data and acceptance by 
nontechnical planners and decision-makers. 

- In the final planning stages of the project, more detailed Infor- 
mation and monitoring results become available and the number of 
alternatives is reduced. At this stage a detailed simulation 
involving fine discretization and calibration for accurate water 
quality prediction is warranted. At this juncture, the effects of 
untreated and treated discharges to the receiving water would be 
assessed. 

- The WRE model is sometimes employed in final planning for an 
analysis of the benefits of surcharged design. According to our 
experience in studies conducted In Winnipeg, Port Credit and 
Edmonton, the intentional use of surcharge in the design of relief 
sewers or in the analysis of interceptor capacity can lead to 
considerable reduction In peak storm water flows. Consequently, 

it appears reasonable to employ only a model with sophisticated 
routing, such as the WREM, capable of simulating surcharged flow 
in the design of relief sewers or in the final planning phase of 
new projects where In-line storage by surcharge is feasible. 

- During the course of a project from screening to design, model 
sophistication, data requirements and computer costs will all 
increase. The results of each model should lead logically to the 
next, more sophisticated application and good communications with 
the decision-makers should ensure a shared objective. The 
involvement of nontechnical planners and decision-makers In 
regular consultation is essential in this regard, 
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3. MODEL INTERFACE 



The experience in a number of research and practical urban drai- 
nage and pollution control studies confirms that modelling is a 
dynamic process. No single model or unique pattern of application 
can be recommended. 

Best results are likely to be achieved with a series of interfaced 
models applied within proven limitations. This approach may 
logically result in the ultimate acceptance of highly sophisti- 
cated continuous simulation models in the final planning phase of 
most major watershed studies. 



m^ 



TABLE 2. THE ROLE OF MODELS IN DIFFERENT PHASES OF DRAINAGE STUDIES 



E-t 









EH 
M 

< 

a 



PHASE 








— — ^ ■ . ~- — „ 


TIME^ 


< 








> 


MODEL 


< 




















STORM 




Critical 
Events 


Annual 
Runoff 

Changes 


Effect of 
Storage 




UNIT 
HYDROGRAPH 








Rural and semi-rural 
basins 




SWMM 


lumped: urban areas detailed: no surcharge 




WREM 


surcharged conduits only 




STORM 




Critical 

Events 


Comparison 

of Alter- 
natives 


Estimates 
of Storage 
& Treatment 
capacities 




GQM 








Peak concentrations 
Event mass emissions 




SWMM 


Effect in Refine Storage Calibrated 
Receiving and Treatment for final 
water Options analysis 


, 


Sophisticated 
Receiving 
Water Model 


1 

1-D or 2-D for diffusion 









f D Notes : storm water 

665 management model workshop. 

.S76 78879 
1978 



